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PREFACE 
The Colorado River Regional Asses sment Study for the 
National COITlmission on Water Quality is one of eleven such 
regional studies in which the physical, technological, econoITlic, 
institutional, and social impacts of PL 92-500 are viewed in a 
cOITlprehensive context. In exaITlining the effects of PL 92-500 
in the Colorado River Basin, the study endeavors to blend three 
iITlportant perspectives: 
To satisfy the requirements and design for the regional 
asseSSITlent studies as specified by the National ComITlission 
on Water Quality. 
To analyze PL 92-500 in relation to the water allocation 
decisions, water quality concerns, and institutional evolution 
which have, over ITlany years, brought the river to its 
present state of development. 
To be responsive to possible future demands on the quantity 
and quality of the river in relation to energy development, 
food production, recreation, environmental, and aesthetic 
qualities. 
Working from these underlying themes, the major areas of inves-
tigation encompassed by the study are (1) the impact of PL 92-500 
onthe salinity problem in the Colorado River Basin, (2) the impact 
of PL 92-500 on municipal and industrial point sources, and 
(3) a specific site study of the environmental impact of PL 92-500. 
The report presenting the analysis and results of these study areas 
is organized in four parts: 
PART ONE: 
PART TWO: 
Executive Summary, Basin Profile, and 
Report Dige st 
Detailed Analyses: Narrative Description, 
Data, Methodology, and DocuITlentation 
PART THREE: Area-Specific Water Quality Analysis and 
Environmental Assesment 
PART FOUR: Appendices 
In order to address the broad scope and purposes for this l·egional 
assessment, a research study team was assembled which like-
wise represented broad and diverse fields of expertise. The 
organization of the contractor team members into both task work 
groups along disciplinary lines and problem study teams for 
addressing the specific water quality impacts of PL 92-500 facili-
tated the interdisciplinary integration of the study. The study 
team membe rs and proj ect organization a re shown in the accom-
panying cha rt. 
Because the Colorado River serves the needs of seven states 
and many interests, it was deemed highly desirable to have the 
counsel of an advisory group, comprised of individuals with long 
experience in working with the Colorado River Basinls water 
resources and water quality problems. Appreciation is expressed 
to the following advisory group mem be r s for their ca reful review 
of this work and their many helpful suggestions and recommendations. 
Kathy Fletcher, Rocky Mt./Great Plains Office 
Environmental Defense Fund 
1130 Capitol Life Center, 16th at Grant St. 
Denver. Colorado 80203 
Roger Frenett 
Environmental Protection Agency, Region VIII 
1860 Uncoln St.. Suite 900 
Denver, Colorado 80203 
Ernest Gregory, Bureau of Environ. Health 
Nevada State Health Dept. 
Nye Building, 201 S. Fall Street 
Carson City. Nevada 89701 
W. John D. Kennedy 
Rocky Moumain Center on Environment 
4260 East E vans A venue 
Denver. Colorado 80222 
John Maletic 
U.S. Bureau of Reclamation 
Denver Federal Center 
Denver. Colorado 80225 
John A. McComb, Southwest Representative 
Sierra Club Southwest Office 
2014 East Broadway. Room 212 
Tucson. Arizona 857 [9 
ii 
Russell Freeman, Deputy Regional Adminis. 
Region ex, Environmental Protection Agency 
100 California Street 
San Francisco, California 941/ 
IvaI V. Goslin, Executive Director 
Upper Colorado River Commission 
355 South 4th East Street 
Salt Lake City, Utah 84111 
Myron Holburt, Chief Engineer 
Colorado River Board of California 
107 South Broadway, Room 8103 
Los Angeles. California 900 I 2 
Allen Kneese 
Professor of Economics 
University of New Mexico 
Albuquerque, New Mexico 87 [06 
Don Maughan, Member 
State Water Resources Control Board 
1416 Ninth Street, Room 10 [5 
Sacramento, California 95825 
Owen alpin, Professor 
School of Law 
University of Utah 
Salt Lake City, Utah 84112 
Donald Paff, Admin., Div. of Colorado Riv. Rcsour. 
Conservation and Natural Resources 
Maryland Parkway 
Las Vegas, Nevada 89101 
Willard Rhoads, 
State Senator 
Cody, Wyoming 82414 
Martin Seneca, Director 
Office of Trust Responsibility 
Bureau of Indian Affairs 
Washington, D.C. 
Lynn Thatcher, Chairman 
Salinity Control Forum 
355 South Fourth East Street 
Salt Lake City, Utah 841 11 
Steve Reynolds, State Engineer 
Bataan Memorial Building 
State Capitol 
Santa Fe, New Mexico 87501 
Frank Rozich 
Water Pollution Control Division 
4210E.l1thAvenue 
Denver, Colorado 80220 
Wesley E. Steiner, Executive Director 
Arizona Water Commission 
222 North Central Avenue 
Phoenix, Arizona 85004 
Appreciation is expres sed to the support staff of the Utah Water 
Research Laboratory for their patience and extra effort in working 
under very severe time deadlines. Thanks are also due to 
Ja mes Larocca and Steven Reznek, study managers from the 
National Commission on Water Quality, for their considerable 
assistance in facilitating this study. 
The study team wishes to acknowledge the federal, state, 
and local public officials and private citizens who have expended 
inestimable time and effort over m.any years to find workable solu-
tions to m.anaging this great resource. This report is offered in 
the same constructive spirit. 
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EXECUTIVE SUMMARY 
The Colorado River Basin contains the most diverse environ-
mental setting of any American river. High mountainous elevations 
(> 14, 000 feet) are ultimately succeeded by sea level plains and low 
valleys. Geolo gical structure s and formations include deep, in-
tricately carved river canyons, high mountain slopes, large saline 
shale structures, and long verdant irrigated river valleys. Fir 
forests are succeeded by arid rangelands. The river produces the 
Lowest outflow per unit area (60 acre feet per square mile) of any 
river basin in the United States. It contains the largest number of 
unique and endangered species in the United States. Finally, it is 
the most utilized, most managed, and probably most politicized 
river in the United States. These characteristics all provide severe 
constraints on water quality in the river, water uses by society, 
availability of water and in the possible benefits and other impact s 
of the Federal Water Pollution Control Act Amendments of 1972 
(PL 92 -500) on the Colorado River Basin ecosystem. 
Salinity is the major water quality factor in the basin and it 
has interactions which overweigh all other considerations except 
the availability of the water resource. Man l s uses and crn trol of 
the water affect salinity as well as flow in the streams. However, 
it was not possible to demonstrate deleterious effects of salinity in 
100-1000 mg/l range of TDS typically found in the river proper~ 
literature searches have shown effects causing species dominance 
changes, etc., in higher salinity (> 1000 mg/l) in brackish waters 
and estua rine wate rs. Also it was not pos sible to isolate salinity 
effects from field experience; disappearances of species, produc-
tivity changes, etc., could not be related to salinity increases 
because of confounding by instabilities in flow and substrate, sedi-
mentation effects, flow pattern changes, flow variations, time lag 
in biological response, and introduced species. Consequently, it 
was necessary to limit studies to the effects of PL 92-500 in 
changing the impacts of wastewater treatment plant effluents on 
water quality parameters, the stream ecosystem, and the basin 
ecology. 
The basin is marked by a large area and a low population 
(three persons per square mile) excepting the three metropolitan 
areas of Phoenix, Tucson, and Las Ve gas. Industry and lar ge 
communities are sparse as is the water supply. The development 
of energy resources may have significant impacts on population, 
hence waste discharges. To analyze PL 92-500 impacts on the 
Colorado River it was necessary to isolate a study area which 
typified the m.ajor problem.s but did not represent necessarily the 
entire ba sin, i. e., low population, high salinity, and high potential 
energy for developm.ent. The area chosen was called the Green 
River Reach Study area and extended from Jensen, Utah, to Green 
River City, Utah, and a1l the tributa rie s to that reach. It was 
assum.ed that as a result of the existence of PL 92 -500 and its 
goals that industry and especially the energy industry will attem.pt 
to prevent any flow discharge to minimize the effects of flow dis-
cha rge requi rement change s with changing te chnolo gy. 
A stream model was used to assess loadings from six major 
com.m.unities (the largest was Price at 6218 population) in the 
study area under projected population increase with no energy 
development (OBERS E) and with high energy development for 
four time periods and treatm.ents, 1977, 1983, 1985, 2000, and 
BPT (Best Practicable Technology), BAT (Best Available Tech-
nology), and EOD {Elim.ination of Discharge, "zero discharge"}. 
The results of analyzing loadings effects on DO (Dissolved Oxygen), 
BOD (Biochenlical Oxygen Dellland), coliform, and suspended 
solids in the streams indicated that m.inimal effects of PL 92-500 
on water quality can be expected. Diffuse sources of pollutants and 
minilllal stream flows are more significant. It is reasonable to 
expect that this is true throughout the greater portion of the Colorado 
Ri ver Basin. 
2 
CHAPTER 1 
INTRODUCTION 
RELA TION TO THE NCWQ AND THE COLORADO 
RIVER REGIONAL ASSESSMENT 
The National Commis sion on Water Quality (NCWQ) is re-
quired by the Congress of the United States to assess the impact 
of the Federal Water Pollution Control Act Amendments of 1972 
(PL 92 -500) on the nation l s waters. Various types and levels of 
studies of specific streams, stream reaches, river basins and 
regions, and estuarine and coastal waters have been defined as 
case examples in which water quantity, quality, social-econoIllic, 
envi ronIll ental , and institutional iIllpacts could be assessed. The 
Colorado River Basin was designated as one of 11 regional study 
areas for assessment of impacts of PL 92-500. This section of 
the report deals with the environmental aspects of the regional 
study. 
For reasons of compatibility with othe r more specific en-
vironmental studies (called II and VIC studies) of about 20 individ-
ual streams and stream reaches, the intent of this section of the 
Colorado River regional report is different from the main report 
and some repetition and brief abstraction of the main report has 
been necessary to meet those requireIllents of compatibility. Be-
cause PHASE I of this report (UW RL, 197 Sa) required that an over-
view of environmental aspects of the entire basin be performed, no 
attempt to restrict that ove rview to the particular study reach se-
lected for model study and analysis has been made. Thus, some 
ecological data are shown for the entire basin while other data are 
restricted to the study area. In addition, the brief summary of the 
Illajor attributes of the Colorado River presented in this section is 
not intended to supplant the material of the -main report from which 
parts of this report were abstracted (UWRL, 1975b). Note that 
the PHASE I report (197 Sa) has been placed in the FINAL report 
(1975b) in its entirety. 
BASIN ATTRIBUTES 
The Colorado Ri. ver begins as two -majo r tributa ries, the 
-main flow of the Grand Rive r or Main Stem arising in the Colorado t s 
Rocky Mountains west of Denver and the Green River arising in 
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Wyom.ingt s Wind River Mountains. The drainage basin includes 
250, 000 square m.iles and occurs in two countries (Mexico and USA), 
five physiographic provinces, seven states, eight water resource 
subareas (WRSA), 76 counties, and three EPA (U. S. Environmental 
Protection Agency) regions (VI, VIII, IX) as it winds from. 14, 000 
foot m.ountains through spectacular forests, canyons, rangelands, 
arid deserts, and recreational areas to 'sea level at the mouth of 
the Gulf of California. The longe st reach of the river is 1440 II"liles 
and the river plus major tributaries includes SOII"le 3200 m.iles. 
Tbe Colorado River Basin contains 1/ 12th of the land area of the 
48 contiguous states and annually produces less water per unit area 
(60 acre-feet/mi2 ) than any other major U. S. river basin while 
serving some 15 million people, more than 85 percent of whom 
live outside the basin. 
Almost all of the water in the Colorado River is used either 
within the drainage basin or exported for specific municipal-
industrial or agricultural uses outside the basin; consequently very 
little flow actually is discharged to the Gulf of California. The river 
delta actually forms a barrier to fish migration. Allocating quan-
tities and uses of water in this largely arid region has been time 
consuming and fru strating and the invol vement of Mexico, fede ral, 
state, and local governments and agencies has resulted in a series 
of laws and regulations for water uses and allocations specific to 
the Colorado River known as lithe Law of the River. II Since its en-
actment in 1972, PL 92 - 500 ha s had an impact on the existing Law 
of the River. 
Water is allocated by compact (1922 Colorado River Compact 
Act) between Upper Basin states (Colorado, New Mexico, Utah, 
Wyoming) and Lower Basin states (Arizona, California, Nevada) at 
Lee Ferry just downstream of Glen Canyon Dam (Figure 1); the 
Mexican Treaty guarantees flow to Mexico (s ee Volume I; UWRL, 
1975b). 
In the Upper Basin populations are 347,463 (in 1970) while 
the populations in the Lower Basin are 2,156,583 (in 1970) and the 
out of basin service population is about 12,500, 000. Upper Basin 
states have a population of 4, 614, 948 and Lower Basin states, 
22,214,354, with the total basin states population being 26,829,302 
(1970 Census data). 
The 15 million people and associated industry and agriculture 
utilize t~e waters of the Colorado River as they are. Because of 
the geological history of the river basin and because of extensive 
uses and needs for the water, the principal probleII"ls in the basin 
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at present are salinity and the effects of essentially using the entire 
water resource (stream dewatering). Other water quality problems 
are essentially insignificant except at specific localities in compari-
son to the social and econoITlic impacts of salinity and environmental 
impacts of de"watering. 
SCOPE OF THE STUDY 
Assessment of the impact of PL 92-500 in the Colorado River 
consi sts es s entiall y of thre e que stions: 1) What are the iITlpacts of 
salinity? 2) what are the costs of developing extensive wastewater 
treatment facilities (ITlunicipal and industrial) in the basin relative 
to the effects of those facilities on salinity and other water quality 
parameters? and 3) what are the ecosystem effects of wastewater 
treatment in the Colorado River Basin? This section is concerned 
primarily with the last question. Concerns of salinity and waste-
water treat"ITlent facilities are dealt with in PARTS ONE and TWO 
of this report (UWRL, 197 5b). 
In the process of defining ecosystem impact issues for the 
Colorado River Basin, a comprehensive review of the natural and 
social environment was made and then causes defined to determine 
principal quality prob1e"ITls in the river. Because of data, budget, 
and time constraints and the specificity of PL 92-500, the focus of 
the analysis has been narrowed to a single reach on the Green 
River (Jensen, Utah, to Green River City, Utah). 
These constraints resulted in a decision not to assess PL 
92-500 impacts on reservoir "water quality, ecosystem responses 
to water depletions due to out-of-basin transfers, impacts from the 
larger "ITletropolitan areas (Las Vegas, Phoenix, and Tucson), flow 
changes resulting from changes in irrigation practices, residuals 
from energy or other indistrial developments, livestock and other 
agricultural activities having direct impacts on water quality. It 
should not be construed that these impacts and others listed in 
PARTS ONE and TWO (UWRL, 1975b) do not exist. 
In fact, incipient eutrophication problems due ~o nutrient 
loadings in the large res ervoirs, Flaming Gorge Reservoir, Lake 
Powell, and Lake Mead, have been observed. Las Vegas is in the 
middle of a planning and development stage of upgrading wastewater 
treatITlent facilities to "ITlinimize pollution loading impacts on Las 
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Vegas Bay in Lake Mead. Changes in salinity paraITleters as 
affected by changes in irrigat ion practices are shown in PARTS ONE 
and TWO of this report (UWRL, 1975b), although the salinity 
changes in the streaITl were not related to the streaITl ecosystelTl 
response. 
Although SOUle qualitative discussion of interUledia pollutant 
transfe rs re sulting froUl PL 92 - 500 is contained in this volum.e 
(Chapter VII), the iITlpacts of residuals from specific industries 
and energy development were not discussed in detail because of 
doubts about the treatITlent schenles. For exalTlple, all indications 
are that energy developnlents will go to cOnlplete containment of 
thei r wastes in order to nlininlize future costs associated with in-
creasingly strict requirenlents for effluent controls. The impacts 
of such flow reductions and other flow reductions due to diversions 
(exports, agriculture, desalinization projects, energy and otbe r 
industry) on water quality should be as ses sed although they are not 
discussed within the scope of this study. 
A cOnlplete asseSSnlent of water quality in the Colorado River 
Basin should at least address the above listed probleITls. Design of 
the study and linlitations of the s cope to be compatible with otbe r 
NCWQ studies prevented inclusion of thos e problenls in this report. 
OBJECTIVES AND SCOPE OF ECO-
SYSTEM ANAL YSIS SECTION 
The objectives of this analysis study were to analyze how the 
water quality in the study area reach of the Colorado River would 
change with res pect to utilization of inc reasingl y stringent effluent 
limitations and inc reases in population with the pas sage of tinle. 
This was analyzed after reviewing the historical, where 
applicable, and overall basin ecosystenl. Then the study reach 
was characterized as to hydrology, reach hydraulics, water re-
sources and diversions, and waste sources. These data were 
utilized in a model dealing with 10 variables (SSAM, Grenney et ale , 
1975; see Appendix B, PART THREE); but only four of these are 
shown in this report as being of interest in ternlS of aquatic eco-
system impacts (BODS' DO, Total Colifor'ITls, Suspended Solids). 
These values are compared to stream standards and then the effects 
of DO with the different alternative treatment scenarios on benthic 
fauna and fish a re estimated. Lack of data about the aquatic com-
munity prevent more sophisticated anal ysis. Salinity is the major 
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water quality problem in the Colorado River Basin but the effects 
of salinity on the aquatic conununity are ill-defined and at the typi-
cal stream concentrations (100 - 1000 ppm) found in the main tri-
butaries of the Colorado River apparently have no effect on the 
indigenous invertebrate or fish life. Thus, no further analysis of 
the salinity problem with respect to aquatic communities was made. 
REASONS FOR SELECTING THE STUDY SITE 
The generalization most characteristic of the Colorado River 
is diversity and change. One or two sites cannot be selected to be 
representative of the entire Colorado River and that is not intended. 
It is intended that the selected site repre sent some of the unique 
aspects of the Colorado River as PL 92 -500 applies within the river 
basin, i. e., the major problems and the effects of PL 92 -500 waste-
water treatment on river water quality and ecosystem integrity. 
The chief problems in the basin are st:.'-linity and utilization 
of the water resource. The development of the extensive energy 
resources in the basin will increase the pres sure for allocation of 
the remaining water resources and may contribute to the salinity 
problem not only through concentrating effects but also from loading 
effects (from cooling tower blowdown, use of saline groundwaters, 
increased leaching of exposed salinity contributing shales). Other 
sections of this report are dealing with salinity, a parameter for 
which aquatic ecosystem impacts have yet to be demonstrated at the 
concentrations obs erved in the Colorado River; a major criterion 
for selecting a site will be demonstrated potential for energy 
development. 
The portion of the basin selected for intensive study was the 
Green River reach from Jensen, Utah, to Green River City, Utah, 
and the streams tributary to the reach. This river reach and 
region includes small communities, agricultural and recreational 
activities. Extensive energy development with consequent sharp 
increases in population is projected. The river reach and tribu-
taries include streams which are heavily impacted by these uses--
energy development of the White River, population increase and 
energy development on the Duchesne and Green Rivers, and natural 
and agricultural salinity input on the Price River. The region also 
includes areas of significant recreational and ecological value which 
'N'ill be itnpacted by those uses (Ouray National Wildlife Refuge, 
Desolation and Gray Canyons on the Green River, White River upper plat-
eau, upper reaches of the Duchesne and the Price Rivers). Where 
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possible, those reaches served as baseline reference points against 
which projected pollutant inputs were contrasted. The SSAM stream 
water quality model was utilized in developing present and projected 
effects of pollutants and developments. 
The major data source for this reach were the 303e reports 
(State of Colorado, 1974; State of Utah, 1974) and USGS flow records 
(USGS, 1974). Data in the literature have been collated relating to 
specific chemical and biological parameters; these summaries 
(UWRL, 1975) illustrate a severe lack of comprehensive and quan-
titative biological data throughout the river system and in the defined 
reaches. (The most common reactions obtained when contacting 
agencies working on the Colorado River was that they did not have 
ITluch information now but would have, one or two years later. ) 
Other candidate Colorado River reaches such as those listed 
previously were rejected as alternatives because of one or TI1.ore of 
the following reasons: 1) water quality and biological data were not 
readily available, 2) basin boundaries were difficult to define be-
cause of large diversions and exports of water and large population 
flux, 3) populations were so small that it would be difficult to observe 
any direct effects of wastewater treatlllent even on a local scale, 
4) potential energy developlllent or other large scale factors affec-
ting population were not likely, or 5) reaches did not have significant 
areas of near-natural ecosystellls. 
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CHAPTER 2 
DESCRIPTION OF STUDY AREA 
(See UWRL, 1975b for more detail) 
PHYSIOGRAPHY AND GEOLOGY 
The study area lies within the Upper Basin portion of the 
Colorado River Basin downstream of Flaming Gor ge Dam and 
the junction of the Green River with the Yampa River. The area 
includes the Price, Duchesne, and White Rivers and several 
creeks, Ashley, Brush, as tributary to the Green River reach 
between Jensen and Green River City, Utah (Figure 2). The 
study area corresponds to hydrologic subbasins UG 12, 13, 14, 15, 
16, 17 (UWRL, 1975b). 
The study area lies within Colorado Plateau but flow origi-
nates in the Wyoming Basin physiographic province. The relief 
along the Green River, the longest tri butary of the Colorado, is 
relatively minor and in places the valley bottoms are wide. In 
contrast, where the river flows through the middle and southern 
Rocky Mountains the valleys are steep-sided, generally narrow and 
2, 000 to 3, 000 feet deep where they cross the mountain barriers. 
In the Colorado Plateau province, the river runs for much of its 
300 mile course in canyons cut in colorful rock formations. Grand 
Canyon cuts across the high southwest rim of the plateau. Broad 
valleys, such as those of the Wyoming Basin, also are found on 
the Colorado Plateau, for example, in the Uintah Basin and ad-
jacent to the San Juan and Little Colorado Rivers. 
The boundaries of the Upper Colorado River Basin consist 
of uplifted earth masses heavily dissected by erosion, glaciation, 
and weathering. In the interior of the basin are plateaus, mesas, 
and basins all considerably affected by erosion. 
The annual discharge of the Colorado River, about 12-16 
million acre-feet, (14. 9 MAF long term average virgin flow at 
Lee Ferry), originates almost entirely from the southern and 
Middle Rocky Mountains. Negligible runoff is attributed to 
regions of less than 15 inches annual precipitation. This runoff 
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Figure 2. Green River r.each study area: basin boundaries and 
schematic of major tributaries. 
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pattern is considered to have held throughout the river t s history. 
The runoff from the total basin averages less than I inch. The 
sediment load, however, is one of the highest in the United States. 
Erosion above Grand Canyon, as estimated by the sediment load, 
is about 6.5 inches per 1, 000 years. This erosion is attributed 
mainly to the Cretaceous marine shales which were essentially 
continuous acros s the Colorado Plateau when it was uplifted. 
These erodible shale beds are still a major source of river sedi-
ment. 
The geology of the basin has a marked influence on the occur-
ence and quality of Colorado River water. Since most of the total 
discharge originates in the Upper Basin the geology of this region 
is critical. 
In the mountainous regions a close relationship can be found 
between the groundwater in consolidated rocks and in the alluvium 
with the water in surface streams. Rainfall and snowmelt enter 
the groundwater reservoir and reach the stream by springs, 
seeps, and through alluvium in stream channels. As streams 
rise and fall a continuous interchange exists between the ground 
and surface water systems through the alluvium. The rocks in 
intimate contact with the groundwater impart a characteristic 
chemical quality to the water. 
In the basins and interior valleys groundwater in consoli-
dated rocks can be expected to contribute only a minor amount to 
the dischar ge and chemical quality in the streams except in situ-
ations such as thermal springs which discharge into streams. In 
the lower valleys, precipitation is insufficient to allow for ground-
water discharge. The water bearing aquifers originating in the 
mountains are buried deep beneath thicknes ses of impermeable 
material in the interior valleys. 
Consolidated rock materials in the lower valleys, although 
they do not contribute to flow from groundwater in surface streams, 
do affect quality. Rocks and their residuum react with surface 
runoff when the infrequent rainfall does occur, thus imparting a 
distinct chemical quality to the water. 
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Extensive deposits of alluvium exist in interior valleys of the 
Upper Basin and interchange between water and alluvium can be 
expected to result in a close relation between the chemical quality 
of water in streams and alluvium. 
Basin rocks range in age from Precambrian to Recent. The 
Precambrian rocks include plutonic and metamorphic rocks which 
form the foundation upon which the more recent sedimentary rocks 
rest.. These older rocks have been exposed in the mountains 
through uplifting, folding, vaulting and erosion. Sedimentary 
rocks, the material of which was deposited when the area was 
covered by ancient seas, are abundant in the basin and over 200 
formations have been named. 
The oldest and most extensive formations in the Upper 
Basin include the Wasatch, Green River, Uintah, and other related 
formations of the Tertiary Age. The older rocks are lacustrine 
and fluviatile, containing marl, silstone, sandstone, liITlestone, 
evaporite, frona, and related minerals. About 30 percent of the 
Upper Basin (34,000 square ITliles) is underlain by this ITlaterial. 
DEMOGRAPHIC CHARACTERISTICS 
Within the context of the Upper Basin of the Colorado River, 
it can be seen that the study area lies largely within the WRSA 
1402 (about half) and 1403 (Figure 3). Essentially the study area 
contains Rio Blanco County in Colorado and four others (Emery 
is only partially in the study area) in Utah (Table 1). The largest 
town is Price (6218 population) in Carbon County on the Price 
River. About 52 percent of the people in the study area live in 
the 12 towns having mote than 500 people. The total population 
density is only 2. 7/mi. This is typical of the entire Upper Basin 
of the Colorado Rive2 which has 44.4 percent of the land area ip 
the basin (111, 000 mi ) and a population density of about 3. l/mi • 
The overall basin population density is 10 and the Lower Basin is 
about 15. If the three major Lower Basin urban areas are ex-
cluded (Maricopa County--Phoenix--967, 522 people, 5,904,640 
acres; PiITla County--Tucson--357, 667 people, 5,914,240 acres; 
Clark County--Las Vegas--273, 288 people, 5,073,280 acres), 
the populati2n density of the entire river basin is about 3.5 
persons /ITli • 
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Table 1. Population distribution in Green River reach study area (1970 
data). 
-'- Population (% Urban Total 2 County Area, acres -.- Population, (1970) Towns) Pop/mi 
Rio Blanco, Colo. 2,088,320 4,842 (66%, 2) 1. 5 
Carbon 943,360 15,647 (72%, 5) 10.6 
Duchesne 2,086,400 7,299 (42%, 2) 2.2 
Emery 2,842,880 5,137 (20%, 1) 1.2 
Uintah 2,864,640 12,684 (41%, 2) 2.8 
10,825,600 45,609 (52%, 12) 2.7 
-'-. 1962. USDHEW, 
Table 2. Population changes in Green River study re ach area (UWRL, 
1975b). 
OBERS E High 
Year Subregion (interpolated Energy 
for non- decade s) Development 
(UWRL, 1975b) 
1970 1402 18,103 
1403 41,215 
1973 1402 17,818 
1403 41,108 
1977 1402 17,533 18,278 
1403 41,000 43,259 
1983 1402 16,880 45,628 
1403 40,320 63,789 
2000 1402 16,300 122,572 
1403 39,900 123,781 
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The population in the study reach is representative of typ-
ical population densities throughout the basin and if left without 
macro disturbances, most of the basin would remain sparsely 
populated (OBERS E). Energy shortages have had significant 
effects on the entire U. S. but will have some of their greate st im-
pacts on the small communities in the energy rich regions of the 
Colorado River Basin. The study reach is a good example of 
this as populations in OBERS subareas 1402 and 1403 are expected 
to increase by about eight and three times respectively (Table 2). 
These impacts will be felt largely in the towns and thus waste-
water treatment plant loadings would be expected to increase. 
CLIMATE AND THE HYDROLOGIC SYSTEM 
The Colorado River originates in the high peaks of the Rocky 
Mountains at elevations of approximately 13-14,000 feet, and travels 
in a generally southwestward direction some 650 miles before 
reaching Lee Ferry (elevation about 3,100 feet). The Green River, 
the longest tributary, originates in the southwestern part of Wyoming 
in the Wind River Range, traveling southward some 730 miles to 
its junction with the Colorado River about 60 miles south of the 
town of Green River, Utah. The Green River drains 70 percent 
more area than does the Colorado River above their junction. A 
major tributary to the Green River is the Yampa River, which 
drains northwestern Colorado. The study area incorporates six 
hydrologic subbasins (US 12, 13, 14, 15, 16, 17) enclosing 15,200 
square miles or 6.1 percent of the total basin (see Figure 4). 
A broad range of climate and streamflow conditions exist 
within the Upper Colorado River region. The basic inflow, or in-
put of water to any hydrologic system, originates in the form of 
pr ecipitation. Streamflow is defined as that portion of the pr e-
cipitation which appears in streams and rivers as the net or 
re sidual flow collected from all or a portion of the watershed. 
Annual precipitation varies from over 50 inches in the high-
elevation headwaters to less than 6 inches in desert areas of the 
southwestern portion of the region (Figures 5 and 6). Most of the 
streamflow is provided by snowmelt from the mountainous areas, 
which produces high rates of runoff during the snowmelt period 
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each year. Because almost 50 percent of the Upper Colorado 
River Basin receives less than 12 inches average annual precipi-
tation, most of the interior small tributary streams are ephemeral, 
with water flowing in them only after infrequent storms. 
Historic unit discharge rates using the main stem as an 
example are shown to decrease rapidly as the tributary streams 
flow from their headwaters at high altitudes into the less-hum.id 
areas and finally into desert areas (Table 3). 
Part of the decrease in unit discharge as the river proceeds 
downstream can be attributed to exports from the region, depletions 
for irrigation and other consum.ptive uses, losses to groundwater 
recharge, transpiration, and evaporation. However, most of the 
decrease is due simply to lower contribution from the downstream 
areas (see Figure 6). 
Large variations in annual discharge occur also from year 
to year due to yearly variations in precipitation, and over periods 
of years due to long-term climatic trends. The average annual 
discharge of the Colorado River at Lee Ferry was 12,426, 000 
acre-feet for the 52-year period 1914- 65, with extremes of 
21,894, 000 acre-feet in 1917 and 4,396, 000 acre-feet in 1934. 
For the 17-year period 1914-30, the average discharge was 
15,919, 000 acre-feet per year, while for the 26-year dry cycle 
1931-56 the average discharge was 11,183, 000 acre-feet per year. 
These are residual flows reflecting upstream depletions approxi-
mating 1,800, 000 acre-feet in 1914 and increasing to about 
2, 800, 000 acre-feet in 1962. The average annual virgin flow at 
Lee Ferry (unaffected by the activities of man) is estimated at 
14.872 million acre-feet over the 52-year period 1914-65. This 
contribution would average about 2.5 inches in depth over the 
entire Upper Basin. 
The Upper Basin divides naturally into essentially three 
m.ajor drainage systems, referred to as subregions. These 
subregions are designated as the Upper Main Stem, the Green, 
and the San Juan. The entire Green River drainage comprises 
the Green subregion. The San Juan subregion is the drainage area 
of the Upper Basin between the junction of the Green River with 
the Colorado River and Lee Ferry, Arizona. These three 
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Table 3. Drainage area and historic unit discharge. 
Gaging Station 
Colorado River near 
Grand Lake, Colorado 
Colorado River at Glen-
wood Springs, Colorado 
Colorado River near 
Cameo, Colorado 
Colorado River near 
Cisco, Utah 
Colorado River at Compact 
Drainage 
area 
Square Miles 
103 
4,560 
8,050 
24,100 
Record 
prior to 
1965 
Years 
46 
66 
32 
54 
Unit 
discharge 
Cfs /S9. Mi. 
0.922 
.596 
.484 
• 327 
point, Lee Ferry, Arizona 109, 58aa 52 • 155 
aDrainage area as measured in connection with this study; other 
area figures are from USGS Water Supply Papers. 
divisions follow the representations used by Iorns et ale (1964 and 
1965) and facilitate concise pres entation of information about an 
extensive and diverse area. 
Except in the headwater reaches, few streams in the Upper 
Colorado River region now carry natural flows. Artificial diver-
sions (including out-of- basin exports) and regulatory action in 
lakes and reservoirs affect the regimes of many streams within 
the region. 
Water is presently (1972) exported from the Upper Basin 
through approximately 40 transmountain canals and tunnels, 
mostly located at the headwaters of small tributaries. Several 
of these diversions have operated for many years and in 1965 
these Upper Basin diversions totaled 513,000 acre-feet. There 
is one small diversion into the Colorado River Basin from the 
East Fork of the Sevier River in southern Utah averaging 2, 600 
acre-feet per year. 
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As of 1967 there were 117 storage reservoirs in the Upper 
Basin each having usable capacities greater than 1, 000 acre-feet 
and a usable capacity totaling more than 29 million acre-feet. A 
tabulation of the location and usable capacity of important reser-
voirs in the study area is contained in Table 4. 
In Utah, as in other western states, the location of a water 
resource and the location of the principal demand for that water, 
do not always coincide. Total transbasin diversions in the Colo-
rado River drainage, from one part of Utah to another, at the 
present time amount to approximately 106,500 acre-feet annually. 
The majority of these exports emanate from the Uinta Basin where 
the highest annual precipitation is recorded. Water exports are 
expected to increase by approximately 136, 000 acre-feet when the 
Bonneville Unit of the Bureau of Reclamation's Central Utah 
Project is completed. Additional increases will result when the 
remaining units of the Central Utah Project are completed. Be-
cause these transbasin diversions export water stored during 
periods of high runoff in spring and early summer, they are not 
expected to severely affect the August-September low flow. 
The major projects for developing remaining water resources 
of the Utah allotment of water unde r the Colorado River Compact 
are included in the Colorado River Storage Project. The major-
ity of the development will be within six units of the Central Utah 
Project. Completed in 1963, the Vernal Unit supplies municipal, 
industrial, and irrigation water to Ashley Valley from Steinaker 
Reservoir. 
Soldier Creek Dam, on the Strawberry River, enlarged 
Strawberry Reservoir to 1,106,500 acre-feet. The other com-
pleted portion of the Bonneville Unit, Starvation Reservoir, will 
supply water for agricultural uses. Whem completed, Current 
Creek and Stillwater Reservoir will supply water through Straw-
berry Aqueduct to replenish water taken from Strawberry Reser-
voir. Three more units of the Central Utah Project have been 
authorized, but not funded, by Cong res s. They are the Uintah, 
Jensen, and Upalco Units. The Jensen and Upalco Units will 
require the construction of 26, 000 acre-foot Tyzack and 78,400 
acre-foot Taskeech Reservoirs, respectively. The Uintah Unit 
will consist of Uinta and White rocks Reservoirs with respective 
capacities of 47, 000 and 32, 000 acre-feet. The final unit of the 
Central Utah Project to be constructed will be the Ute Indian Unit. 
This will enlarge the capacity of the entire project by the 
Table 4. Reservoirs in study reach having storage for more than 
10,000 acre-feet. 
Name 
Capacity Source 
acre -feet 
Steinaker 38,090 Diverted from 
Brush Creek 
Strawberry 1,106,500 Strawberry R. 
Starvation 167,000 Strawberry R. 
Moon Lake 35,800 Lake Fork 
Scofield 65, 780 Price R. 
14 Additional Small 49,000 Duchesne and Price 
Reservoirs R. Basins 
Total 1,462,170 acre-feet 
construction of several new aqueducts to supply additional water to 
Strawberry Reservoir from Flaming Gorge Reservoir. Scofield 
Reservoir is another existing storage project in the study area and 
it provides irrigation water in the Price River Subbasin (State of 
Utah, 1974). 
The large reservoirs built by the U. S. Burea of Reclama-
tion since 1960 are parts of the Upper Colorado River Storage 
Proj ect and are mainly intended to store water for sati sfying 
allocations to the Lower Colorado River Basin while allowing 
additional local use of water from some of the headwater streams. 
Hydroelectric power generation and recreation are other impor-
tant benefits provided by the storage reservoirs. 
Flows of the Green River are presently (1972) regulated mainly 
by the Fontenelle and Flaming Gorge Darns. On the main stern of 
the Colorado River above Lee Ferry, regulation of almost all flows 
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leaving the Upper Basin is provided by the Glen Canyon Re servoir 
(Lake Powell). Although natural river flows fluctuate widely, 
these variations are significantly reduced by the reservoirs. 
COMPACTS AND TREATIES 
The most significant compact that has been negotiated for 
the entire Colorado River Basin involves Colorado, New Mexico, 
Utah, and Wyoming, as the Upper Basin states, and Arizona, Cal-
ifornia, and Nevada as the Lower Basin states. The compact was 
signed in 1922 by a commissioner of each of the seven states and 
by a repre sentative of the United States Government. The effect-
ive date was 1929, and all of the states involved except Arizona 
had ratified the compact by that year. The compact named Lee 
Ferry as the dividing point between the Upper and Lower basins. 
In essence, the compact allows the Upper and Lower basins each 
a total of 7,500, 000 acre-feet annually in perpetuity. In addition, 
the Lower Basin is allowed to increase its beneficial consumptive 
use by 1 million acre-feet annually. Another clause stipulates 
that water use in the upper division is not to deplete the river flow 
at Lee Ferry below an aggregate of 75 million acre-feet in any ten 
consecutive year s. Further mention is made of obligations to 
Mexico, possible exportation, and agreements within either of the 
two portions of the basin. 
Another treaty affecting the basin is the Mexican Treaty, 
signed in 1944, which guarantees an annual delivery to Mexico of 
1. 5 million acre-feet of Colorado River water. 
A compact among the Upper Basin states allocates to each 
state a percentage of the annual share allotted to the Upper Basin 
states. No mention is made of water quality. This so-called 
Upper Colorado River Basin Compact was signed in 1948. To 
Arizona is allotted 50, 000 acre-feet per year with the remaining 
water apportioned as follows: 
1. State of Colorado- -51. 75 percent 
2. State of New Mexico- -110 25 percent 
3. State of Utah--23. a percent 
4. State of Wyoming--14. a percent 
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Water quality is now receiving attention from those plan-
ning development, and it is a factor in proposed activities by basin 
developers (see UWRL, 1975b). 
Land Use and Resource Development 
The land uses for the Upper Basin are summarized in Table 
5. The study area is within the Green River Subregion. Within 
this subregion 3.1 percent of the land area is devoted to agricul-
ture and 91. 7 percent is rangeland and forest land. The remainder 
is urban, water surface, and other activities. Thus little of the 
land area in the study sites is actually heavily used at this time. 
The following sections briefly discuss man's land use and activities 
in the entire river basin as a setting for their impacts on water 
quality. 
Irrigated Agriculture 
The development of irrigated agriculture in the Colorado 
River Basin covers a relatively short period of only 100 years. 
Although there is archeological evidence that pre-historic Indians 
conducted some irrigated farming within the basin in earlier times, 
the majority of the early development took place in the 1870' sand 
after. The first agricultural settlement in western Wyoming was 
on Smith's Fork near Fort Bridger, Wyoming, and took place in 
1853. As colonization of the West proceeded, nearly every perma-
nent stream in the basin became the site for an irrigated agricul-
ture development. This foundation development permitted a popu-
lation base adequate for the development of the other natural 
resources in the area. 
There are approximately 163 million acres of land in the 
Colorado River Basin, of which approximately 3 million acres 
are irrigated at the present time. This am.ounts to 1. 8 percent of 
the area of the basin. The irrigated area is about equally divided 
between the Upper and Lower basins. There are 1. 6 million acres 
being irrigated in the Upper Basin. Considering only soil char-
acteristics and climate, the Upper Basin has approximately 7 
million acres that are potentially irrigable, which accounts for 
approximately 10 percent of the Upper Basin. Forty percent of 
the Lower Basins 90 m.illion acres is potentially irrigable. The 
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Table 5. Land use - Colorado Basin (F rarnework Studies, 1971). 
- " -" - "--
--" "- -
Ared Cropland & Pasture Alpine Forest Range Urban Barren & Water 
Acr. lrrigatf'd Dry Acr. Acr. Acr. Acr. Other Acr. Acr. 
Green R ,ver Subregion 31.143. 000 71l. 000 256. 000 ~54,000 8,881, 000 19.67'>, 000 156, 000 966, 000 141, 000 
Upper Main Stem Subregion 16,764, 000 619. 000 209, 000 80'>, 000 9,971,000 4, II 'I. 000 132, 000 646. 000 63, 000 
San Juan Colorado Subregion 24,732, 000 291. 000 48~, 000 170, 000 S, 529, 000 I L 506. 000 80, 000 1,472, 000 201,000 
Total Upper Colorado Basin 72,639, 000 1.622. OOll 'ISO, 000 1. 329, 000 l7,J81,OOO \7,500, 000 30!l, 000 3, 084, 000 405, 000 
-- ---
Little Colorado Subregion 17.265, 000 2!l. 000 16, 000 ._- 7, HI. 000 9, t<~9, 000 19. 000 
---
32, 000 
Gila Subregion 36,868. 000 89'>, 000 
- -" "-- 11.731,000 21.121, 000 365, 000 50. 000 604, 000 
Lower Mam Stem Subregion 36, 194, 000 407. 000 5, 000 . -- 8.95'>,000 l6. r,0·1. OU' 129, 000 26, 000 309, 000 
---"---r-"------t--" 
Total Lower Colorado Basin 90. 328, 000 I, llO, 000 21. 001) -_. 29.997. 000 57, 58b. 000 '>13, 000 76, 000 945, 000 
Grand Total of the 'Colorado R,ver 162.966, 000 2,952, 000 971, ,)00 1.129. 00(' r,7.l7S,OOO 95, 086, 000 881. 000 3.160,000 1,350. 000 
----
_._----
--" 
Area I ------- Alpme Forest Ramze Barren & Other' Urban Water 0/0 of 0/0 of 0/0 of 0/(> of 0/0 of "lo of "70 of 0/0 of 0/0 of 0/0 of 0/0 of 0/0 of oX of 
Total 0/. of 0/0 of Region Total R.-gion Total RegioI Total RegIOn Total Region Total Regim Tolal 
l1"~~"n Tnbl 
Green River Subregion 19.1 2,2 24.1 0.8 2b.S 1.1 2&.6 28. '> 1'>.4 63. I lO.6 O. " 17.7 3.1 30.5 0.4 10.4 
Upper Main Stem Subregion 10.2 3.7 21. a 1.2 1l.S 4.8 &0.5 '>9. '> 17.3 l~. 8 4. '> 0.8 14.9 L9 20.4 0.4 4. (, 
San Juan Colorado Subregion IS. I 1.2 9.9 1.9 49.7 0.7 12.9 H.'> 14.8 ')4. (, 14.2 O. 3 9. a 6. a 46.5 0.8 14.8 
Little Colorado Subregion 10.5 0.162 0.9 O. 092 1.6 42.3 12.7 '57. I 10.3 O. II 2. I 0.19 2.3 
Gila Subregion 22.6 2.4 30.3 P.2 23.9 57.& 22.3 1.0 41.4 0.14 1.'> 1.6 44.7 
Lower Main Stem Subregion 22.2 1.47 IL8 0.013 0.5 24.7 15. (, 71.2 27.8 0.10 14. ( O. 07 0.8 0.85 22.8 
--
Total of the Colorado River Basin 1100,,/. 1.8 100°/. O. '> 100'10 0.8 /100% h.2 100% 58. 3 100% O. '> 100',. 1.9 1000/0 0.8 11 Oll~: 
Total 
of 
Region 
100'rc 
1000k 
1000/0 
100~, 
lOa'",;. 
laO,,;, 
fully developed irrigable area of the total river basin would amount 
to 27 percent of the area. Many of these acres are not adjacent to 
presently known water sources and would require large importations 
of water to accomplish ir rigation. Howeve r, the potential remains. 
At the present levels of land and water development for 
irrigation, an approximate equilibrium has been reached with 
re spect to water consumption and salt movement. Any further 
development will cause a decrease in flow quantities and an in-
crease in the salt concentration of the remaining water. Develop-
ment of new irrigated areas within the basin on the soils having a 
re sidual salt content higher than the equilibrium level under irri-
gated acreage, that there would have to be an added allotment for 
the transport of mobilized salt to the sea at a concentration that 
would not be detrimental to the Lower Basin users. 
The early establishment of agricultural communities re-
quired a stable water supply and an irrigated agriculture which 
would make them se1£- sustaining. These settlers accepted the 
quantity and quality of water that was available to them from the 
natural streamflow. Under these circumstances, industrial and 
municipal developments were rather limited. With the development 
of capabilities for building large reservoirs, canals, and diversions, 
the potential for fuller utilization of the resources became avail-
able. The projects became multi-purpose, rather than single 
purpose, providing not only irritation, but electrical power, flood 
control, and outdoor recreation with eytra water for municipal 
and industrial use and further urban development. The generation 
of electricity by discharges from irrigation reservoirs made pos-
sible the pumping of deep wells and the development of ground-
water in other isolated areas. Future development of agriculture 
might require other significant changes in water use and allocations. 
Rangeland 
Rangeland is a land use clas sification which inclucles several 
specific non-forested vegetation types. Rangeland mayor may not 
be used as a grazing area for wild and domesticated animals. 
Rangelands are generally not irrigated or tilled and rely on pre-
cipitation to supply native vegetation for grazing by wild and 
domestic animals. The Framework Study (Appendix VI, 1971) 
characterizes the 37,500, 000 acres of Upper Basin rangelands 
into four very general vegetal communities; namely (1) Grass, 
(2) Northern Desert Shrub, (3) Southern Desert Shrub, and (4) 
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Salt Desert Shrub. Table 5 sh~ws the total rangeland figures for 
the Upper Colorado River Basin. Figure 7 is a location map for 
ral1geland in the Upper Colorado River Basin. 
Rangelands in the Colorado River Basin are, in fact, put to 
multiple uses including grazing, recreation, wildlife, production, 
watershed, and others. Table 5 indicates the uses of rangelands 
in the Colorado River Basin. About 92 percent of the rangeland 
is used for cattle, sheep, and goat grazing. Rangeland grazing 
is oriented toward producing animals for the feeder cattle industry 
rather than toward producing market ready stock. Since forage 
growth on the rangeland depends on climate and precipitation, 
the productivity of the range varies greatly within the Colorado 
River Basin. Some areas can tolerate grazing only in years of 
high precipitation while other areas can support annual grazing. 
About 8 percent of the rangeland is not suitable for grazingo A 
large portion of the rangeland supports wildlife to some degree. 
As with grazing, the degree of use varies from area to area, 
some supporting intensive use, some supporting only very light 
use. Large portions of rangeland are used for recreation. Horse-
back riding, hunting, touring, camping, and visiting wilderness 
areas, each have their place in the rangelands. 
The whole range can be considered as a water shed but only 
a very small portion contribute s a significant amount of water. 
Most range contributions to the water supply are very inter-
mittent and undependable, occurring only during times of intensive 
pr eci pitation. 
Forest 
The forest land in the Upper Colorado River Basin is de-
fined by the forest vegetation which ranges from the spruce-fir 
forest at high elevations through lodgepole pine, Douglas fir and 
quaking aspen to ponderosa pine, mountain brush and finally to 
the pinyon-juniper foothill areas. All forest areas have under-
story shrubs and grasses. The forest provides a stable biotic 
community usually resistant to soil erosion. The Upper Colorado 
River Basin has 27,381, 000 acres of forest lands. Grazing and 
timber production extend ove r the areas of the Upper Basin forest 
(Figure 8). 
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Figure 7. Rangelands in the Upper Colorado River Basin. 
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Figure 8. Forest lands in the Upper Colorado River Basin. 
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IITIportant us es of the fore st lands include grazing, tiITIber 
production, fish and wildlife habitat, and watershed areas. Other 
uses occupy very sITIall areas as shown by Table 5. 
Energy Resource DevelopITIent Areas 
The Colorado River Basin must be regarded as a major 
national storehouse for energy. A brief SUITIITIary of the ITIagni-
tude of the energy reserves within the basin is presented in Table 
6. Figures showing the location and extent of these energy re-
serves are contained in Appendix lIIE in Part Four (UWRL, 1975b). 
It ITIay be observed that the basin is rich in coal, oil, and natural 
ga s and contains the lar ge st oil shale deposit anywhere in the 
world. The potential for geothermal developITIent within the Colo-
rado River Basin is not known nor is the potential for solar energy 
development clearo The high average annual solar flux on the 
Arizona desert lying within the basin ITIakes that region a potential 
solar resource development area. UraniuITI resources within the 
basin are also iITlpressive and will be called upon to provide fuel 
[or the nation's expanding nuclear power effort. 
Hydroelectric power generated within the basin also consti-
tutes an important energy resource with particularly iITIportant 
wate r management iITIplications. 
Mining and Mineral Extractions 
The Colorado River Basin contains a very significant ITIining 
industry. The Lower Basin has supplied nearly 60 percent of the 
nation's copper production in recent years and this is expected 
to increase. Incidental to the production of copper is the recovery 
of significant quantities of gold and silver. Production by sub-
basin is tabulated elsewhere (Part Four, UWRL, 1975b). 
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Table 6. A tabulation of energy resources within the Colorado River Basin. NUITlbers in 
parentheses indicate the nUITlber of years each resource would provide the needs 
of the United States at 1975 use ratios. 
Energy Upper Basin 
Resource 
Lower Basin Total Basin 
Coal 9 l40xlO tons (175 yrs) 9 l8xl0 tons (23 yrs) 9 158xl0 tons ( 200 yrs) 
Oil 9 6.7xl0 bbls (1. 1 yrs) 275xl06 bbls (.04 yrs) 9 7xlO bbls (1. 1 yr s) 
Natural Gas 
12 
103xlO scf (4.3 yrs) 12 1.6xlO sci (. 07 yrs) 12 105xlO scf (4.4 yrs) 
Shale Oil 600xlO 9 bbls (100 yrs) 0 0 9 600x 10 bbls (100 yrs) 
Tar Sands ? 
3 3 3 
Uranium 127xl0 tons 178xlO tons 305xlO tons 
Hydro (Installed) 1.2 MW 1.7 MW 2.9 MW 
Solar ? ? ? 
Geotherm.al ? ? ? 
Wind ? ? ? 
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CHAPTER 3 
DESCRIPTION OF WATER QUALITY 
AND QUANTITY 
(For more detail, see UWRL, 1975b) 
QUALITY CONSIDERATION 
Many factors contri bute to water quality degradation (Figure 
9), but the major and essentially only problem in terms of economic 
and social impact in the Colorado River is salinity, a parameter 
only given lip service in most river systems. Until just recently 
under PL92-500 Basin Water Quality Plant, all m.ajor water 
quality studies within the basin have been oriented toward salinity 
(Table 7). Irrigated agriculture, water storage and allocations 
to states and Mexico are all affected primarily by salinity consid-
erations. 
Health, ecosystem, and aesthetic-recreational considerations 
are reflected by the water impacts on various uses (Table 8) and 
the resultant water quality standards in the basin (Table 9). The 
stringency of standards varies considerably and reflects the fact 
that higher quality water and stricter standards occur at higher 
elevations (Figure 10). Within the study area, Utah and Colorado 
water quality standards apply and can be seen to reflect higher 
quality in the upstream tributaries and lower quality in the broader 
river valley areas along the Green River. 
DATA SOURCES 
Because mos t information on the Colorado River ecosystem 
is related to salinity or flow and very little quantitative biological 
data are available, data sources were minimal throughout the 
basin as well as within the study area. Most information on 
water quality was obtained from STORET (EPA, 1975) and from 
303e reports (State of Utah, 1974; State of Colorado, 1974). 
Other sources of information throughout the basin included 
graduate theses and dissertations, government reports, and 
personal communications with university and state and federal 
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Major { Sources of Pollutants 
{ Types of Pollutants 
VJ 
0"- { Effects of Pollutants in Streams and Lakes 
{ Pollutant Controls 
Figure 9. 
I I I Suepended Solido: I I I I Persistent ~uu, Nutrients, Bacteria and Chemicals Heat Organic Nitrogen and OM. Clays, Viruses (Toxic, etc.) Matter Phosphorus etc. 
Changes I Kills Dissolved Loss of Water Health of Desirable Biological Oxygen Excess Clarity; Effects R ecreationalists Fish, Affects Community Loss; Changes Productivity on Fish and Other Human Society. to Warm in Biological and Effects Reproduction Water Uses etc. Water Type Community 
A Minimum 
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Tertiary I I Cooling In Lake Treatment; I I Sedimentation: I Chlorination Treatment; of Secondary a Minimum of Process Changes; and Other Towers, Treatment and Source Diversion Land Use Tertiary Treatment Land Use Controls Bactericides Control and Land Use Controls Controls 
Sources, types, effects, and controls of pollutants from societal activities in river 
basins. 
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Table 7. Water quality studies in the Colorado River Basin. 
Date / Study / Agency identify Source s Project Future 
of Sa It Loa ds Sa Linity Concentrations 
Water Resources of the 
1964 Upppr Colorado River USGS No No 
Ba sin - Ba sic Da ta 
Need for Controlling 
1970 Sa tinity of the Colorado CR BC Yes 
Rive r 
1963 Qua lity of W a te r -
001 No Yes 19 75 Color ado R i v e r Ba sin 
1---
The Mine ra 1 Qua Lity 
1971 Problem in the EPA Yes Yes 
Colorado River Basin 
Uppe r Co Lo rado 
1971 Region - F ramewo rk WRC Yes Yes 
Study 
Lowe r Co Lora do 
1971 Region - F ramewo rk WRC No Yes 
Study 
Colorado River 
1974 Water Qua lity USBR Yes Yes 
improvement Program 
Computer Simu lation of 
1970 the Hydro-Sa Linity Flow USU Yes No 
System in the Uppe r CR B 
Discus s Other Water 
Quality Pa rameters 
No 
No 
Yes 
No 
Yes 
Yes 
No 
No 
UJ 
00 
Table 8. Impact of water quality parameters on various water uses. 
Parameter 
Sa Linity (T OS) 
Sediments and 
Suspended So Lid 8 
Nutrients 
(i. e. N0 3, PO 4) 
Biochemica L 
Oxygen Demand 
CoLiform 
Temperature 
(a) USPHS, 1962 
Municipa L Use s (Dome stic) 
(a) Recommended Limit:: 500 mg I 1 
(b) Excessive Limit=l, 500 mg/l 
(b) Unfit for humans =4,000 mg I 1 
(b) Turbidity ove r 250 JTU 
conside red poor wate r source 
(a) Recommended Limit < 5 JTU 
Industria L Use 
Industry (b) Limiting Concentration (mg/1) 
Boiler Feed Water 
Brewing (Beer) 
Food Processing, general 
Plastics, clear 
Paper Manufacture 
Ra yon Manufacture 
50-3,000 
500 
850 
200 
80-500 
LOO-ZOO 
(b) Recommended Limits (JTU) 
Beverages 
Boiler Feed Water 
F 00 d Products 
Paper Products 
Textiles 
Baking 
Coo ling Wate r 
Tanning 
l-20 
L-20 
LO 
5-50 
0.3-25 
LO 
50 
20 
(b) Recommended Limits (mg /1) 
(a) Recommended Lim.it:::.45 mg/L NO Brewing 30 (N0
3
) 
(b) Interference with coagulation 3 Phosphate generally not a problem 
process=O. 5-L. 5 mg/l P04 except when biological growth is stimulated 
(b) Poor Water Source 
LF7 2. 5 mg/l 
(a) Approval Water Source 
< 70/LOO ml 
(b) Less than L9 0 C satisfactory 
(b) Exces sive Amounts of BOD increase costs 
of pre-treatment 
Food Processing L 3/ml 
Brewing 
Dairy Products 
Steel MilLs 
Cooling Water 
(1:» R~commended Limits °c 
l2 
L6 
24 
27 
(b) McKee and Wolfe, 1963. 
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government persons (particularly from Utah State University, 
University of Utah, BYU, ASU, CSU, University of Arizona, 
University of California, University of New Mexico, University 
of Nevada, Utah, Colorado, Arizona, State Health and State Fish 
and Game, Nevada Fish and Game, California Colorado River 
Board, Department of Water Resources; Federal agencies include 
EPA, USBR, USDA, USFWS, USFS, BLM, FWLS, USGS); these 
will be noted as appropriate. Most persons stated that reports 
and data collections were beginning or in progress and that the 
information would be available within two years. Very little data 
were in the open literature and no comprehensive studies appro-
priate to the needs of this as ses sment were available except in 
the salinity area (discussed elsewhere, UWRL, 1975b). 
HISTORICAL SKETCH OF COLORADO 
RIVER BASIN DEVELOPMENT 
With the Colorado, as is generally the case for other rivers, 
water quantity and availability have more to do with the rate and 
type of development than does water quality. But eventually, as 
the river system is increasingly developed, water quality becomes 
an important consideration. In tracing the development of the 
Colorado River Basin, archeological evidence indicates that ITlan' s 
presence in the Upper Colorado River Basin covers a time span of 
over 11,000 years. However, recorded history indicates that the 
first documented exploration was made by the Spanish conquistador, 
Hernando de Alarcan, in 1540 with subsequent expeditions contin-
uing into the start of the 19th century. In the early 1800' s, traders 
and trappers entered the basin and it was not long before the total 
basin was explored and mapped. 
A fort built by Antoine Robidon in 1832 near the confluence 
of the Uintah and Duchesne Rivers was one of the first settleITlents 
in the Upper Colorado River Basin. The discovery of gold and 
silver near Breckenridge, Colorado, in about 1860 attracted ITlany 
miners and prospector s to the region, and development followed 
the influx of people.. Because of the mineral wealth and relative 
abundance of water, the Upper Colorado River Basin, particu-
larly in the states of Colorado, Utah, and Wyoming, developed 
earlier than did the Lower Colorado River Basin. 
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In 1869, Major John W. Powell explored the Colorado River 
from Green River, Wyoming, to the mouth of the Virgin River, 
a distance of 500 miles (Rabbit, 1969). Powell (USGS, 1974) noted 
the extent to which present and earlier Indian tribes had developed 
the art of irrigated agriculture: 
In the valley of the Gila and on its tributaries 
from the northeast are the Pimas, Maricopas, 
and Papagos. They are skilled agriculturists, 
cultivating lands by irrigation. In the same 
region many ruined villages are found. The 
dwellings of these towns in the valley were 
built chiefly of grout, and the fragments of the 
ancient pueblos still remaining have stood 
through centuries of storm. Other pueblos 
near the cliffs on the northeast were built of 
stone. The people who occupied them culti-
vated the soil by irrigation, and their hydraulic 
works were on an extensive scale. They built 
canals scores of miles in length and built reser-
voirs to store water. (Powell, 1961) 
The recornmendations of Powell, which resulted from this historic 
trip, were significant in formulating early governmental policy 
for agricultural development of arid lands of the west. 
Early settlements were nucJ eated by the mining industry 
with the agricultural sector developed to supply food for the grow-
ing population. The mining activity and associated commercial 
enterprises further attracted early railroad development in the 
region.. The result was that towns and cities in the basin developed 
mainly near mines, farming areas and im.portant railroad junctions. 
With the decline in mining enterprises, agriculture became 
the basic industry of the region. With the current energy shortage, 
the mineral industries may again become the principal industry 
of the basin. The early farming pattern was small agricultural 
communities in river valleys where the best land was cultivated 
and irrigated while livestock grazed on adjacent rangelands. 
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Irrigation was found to be essential for successful crop 
production in most parts of the basin and the development of water 
resources in the Colorado River Basin found its beginnings in the 
mid-1800's and is still continuing. At the turn of the century, 
most easily available sources of irrigation water had been devel-
oped by individuals and local irrigation companies. It was at this 
time that federal reclamation proj ects were initiated which had 
an ultimate effect of providing supplemental water and stabilizing 
the water supply during water short periods. 
In the Upper Basin, 1.4 million acres were irrigated by 1920. 
This total was increased to 1. 6 million acres in 1965. In addition, 
the Upper Basin exports about 500, 000 acre-feet per year and 
municipal and industrial users account for 30, 000 acre-feet per 
year. 
Development of the water resources in the Lower Basin was 
slow because the general terrain made diversion from the river 
difficult. In addition, the fluctuations in flow made investment 
hazardous. 
The first recorded appropriation in the Lower Basin dates 
from 1877, where water was diverted for the Palo Verde district. 
Approximately 90,000 acres in the district are now irrigated. The 
completion of the Hoover Dam in 1935, catalyzed development and 
currently about 1. 3 million acres are now under irrigation in the 
Lower Basin states. 
Water exported from the Lower Basin has great importance 
to southern California. In 1901, irrigation began in the Imperial 
Valley. The Imperial Irrigation District now comprises 910, 000 
acres of which rrlore than one-half are irrigated by Colorado 
River water carried by the A11-American Canal. In 1949, a branch 
of the All-American Canal delivered water to the Coachella Valley 
of California, where now about 52, 000 acres are irrigated by 
water from the Colorado. Diversion at Parker Dam provides, 
by means of the Colorado River Aqueduct, sufficient water to 
provide 75 percent of the water needs of the population in southern 
California. 
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The mineral, energy and agricultural resource development 
of the basin are all dependent on the availability of water of suffi-
cient quantity and quality. In recent years demands for coal, 
abundant in the Upper Basin, for the generation of thermoelectric 
power, have dramatically increased. These dem.ands have led to 
the development of strip m.ining techniques and construction of 
mine-m.outh electric generating plants. Coal reserves in the 
region are estim.ated at 139 billion tons. 
Uranium mineral deposits in the Upper Basin region are the 
largest known in the world. World War II created an unexpected 
demand for fissionable material to produce atomic energy. The 
government was the principal customer during this period. Post-
war development was slow until about 1965, when a new surge was 
created by the needs of the increasing number s of publically-
owned atomic powered electric generating plants. 
The leading mine ral commodity produced in the basin in 
recent times is petroleum including crude oil and natural gas. 
Proven reserves of producing oil and gas fields in the Upper 
Basin are estimated at 845 million barrels and 10 trillion cubic 
feet, respectively. Continuous exploration has suggested that 
undiscovered petroleum resources will provide a substantial level 
of output for the immediate future. Perhaps, the most important 
mineral resource of the region is the deposits of oil shale, the 
largest known to man. These deposits, centered in Wyoming, 
Utah, and Colorado, contain about 60 billion barrels of recover-
able oil. They constitute the natiou s largest reserve of crude 
oil. 
Most historical recognition of water quality problems relate 
to the salinity issue. Coordinated development of water resources 
has gone hand-in-hand with a consideration of salinity. The USBR 
in conjunction with the USGS has maintained gaging and salinity 
monitoring stations at specific sites on the Colorado River which 
show short term trends of flow and salt load and concentration 
around the study area. 
Greenda Ie is just below Flaming Gor ge and reflects effluent 
from that reservoir and input to the study area (Table 10). The 
Yampa River (from western Colorado) adds its flow (1. 4 MAF) 
and salt load (340,000 tons /year) to the Green River before 
44 
Table 10. Colorado River Basin historical flow and quality of water 
data. (Green River near Greendale, Utah). Annual 
summary. 
Flmv Concentration T.D.S. 
Y.:>ar (A. F.) (T.7A.F.) (Mg./l) (Tons) 
--------
1941 1,521 Q.63 ~62 957 
1942 1,511 .63' 465 959 
1943 
-b089 .44 327 928 
-1944 ~.§l.L .54 397 903 
1945 
--L-4.2L .55 406 826 
1946 _.1,547 .52 380 799 
1947 2,447 .47 .343 _l:.ll~..3 __ 
1948 1,458 .53 387 768 
1949 1,583 .61 450 969 
1950 2,625 .47 348 11244 
1951 __ h~34 _ --~ 352 1,118 
1952 2 1 149 .52 382 1,117 
1953 1,282 .57 416-- 725 
348 
---_ .... -
195!f 1,249 .47 591 
------
1955 1,021 .53 387 538 
----
-----_._-
1956 _~9!L.. .41 300 774 
1951 __ 2,02L .50 368 -1,011-'--
1958 _ . h11O_ .52 380 -67-7-
1959 1:t 19O .58- 424 687 
1960 __ nL __ d 8 _ 425 563 
]961 781 .59 433 460 
1962 _.1..&!L --:51 373 1,024 _ 
1963 170 • 78 575 133 
)964 1,258 ---~6I-- --"450 __ 77J} ___ 
]965 1,437 _-!2? __ 584 1:t 142 
1966 1,189 .75 550 889 
1967 _~80~ __ ---.- --:'8"1- ---m-- 1,469-
1968 1,691 • 75 )q.S _1,26~-= 
----
1969 1,988 .72 526 1,425 
1,088 .66 1+83 1970 718 
--:t 
---"" - :""""""'--'-- .---.-
Sampled GJ.uality record October 1956 to December 1972 (fragmentary),; 
remainder by correlation. 
Measured flow record entire period. 
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Table lO. Continued. 
Flow Concentration T.D.S. 
I Year (A.F.) (T./A.F.) (Mg.!l) (Tons) 
.65 84,2 I 1971 J ,~~ ~l_ 1972 2=o8Z Q~ 468 :1;328 
Total 50,199 28,764 
__ A_v_e_r~ag~,e ______ l~,_5~69~ ________ .~57: ____ ~_~42~1~ ______ ~ _______ _ 
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Table 11. Colorado River Basin historical flow and quality of water 
data. (Duchesne River near Randlett, Utah). Annual 
summary. 
Flow Concentrntion T.D.S. 
Year (A. F . ) (T.7A.F-.) (Hg. /1) (Tons) 
_. 
1941 694 ~ .• 75_ 55~ 
-
523 
1942 526 .88 ___ f1I:±L_ 463 
1943 460 .-----!.~ 725 ---454-
1944 698 • 74 __ 544_ 517 
1945 --~ __ 1.~ 795 440 
1946 324. 1 2 16 _~-L- 375 
1947 569 .86 632 -_._- 489 
1948 __ 2~ 1.14 836 --339 
1949 641 .78 570 --497 ._._--
1950 -~~- .87 _ 636_ 497 
1951 448 1.06 783 477 
---_._- --~-6o- 619 1952 1,035 440 
-
_._---
1953 _326_ __ 1.12 --?~ 366 
1954 188 1.48 --LQ.f!7 __ __ 278 
1955 245 1.32 969 323 
1956 303 1.07 788 325 
456 --.94 - 690 -----1957 428 
1958 416-- .79 581 --329 
1959 -"166-'- 1.33 979 --2"2-r 
1960 ---160 ._. 1.20 --SSt- 192 
1961 145 1.35 994 196 
----
1962 505 --:81 595 409 
1963 -210 1.28 938 --268 
1964 356 .96 70"4 341 
1965 905 --.80 586 ---721-
----- ------
1966 306 __ 1.24_ 910 379 
1967 ---591---- __ ~_ _ __ .618 _ ----497 
1968 __ 58~_ __.~ 672 -------532 
1969 I 620 .86 629 -----531 L_1_97~_1__ 16L 1.4ll 1:_°_91 ___ -_ ~ J 
Sampled quality record December 1950 to September 1 951; November 
1956 to December ~972; remainder by correlation. 
Measured flow record October 1942 to December 1972; remainder by 
correlation. 
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Table 11. Continued. 
Flow Concent r'a ti on T.lj.~. I 
Year (A. F. ) ~T./A.F.) ( M~. /1 ) (Too;:) I 
I 
1971- 360 1. OJ 739 362 
1972 366 .96 707 352 
Total 11±~043 12,982 J '----LA_v_e_ra--"~g .... le......lo_ _ ...;;!;t ..... 3~9'---_____ _' .. '_o;;;J.J..2 ___ -__ 6_8_0==~ __ J±..~ _____ _ 
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Table 12. Colorado River Basin historical flow and quality of water 
data. (Green River at Green River, Utah). Annual 
summary. 
Flow Concentrntion T.D.S. l 
(A. F • ) "":""'(1-' .--r/""'-A.""""Fo-. ) (Ng. / iY (Ton s) 
---- -----------1 
1941 
19/+2 
1943 
19l1-4 
1945 
1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
196/+ 
1965 
4,608 
~622_ 
__ 4~ 
4,417 
4,260 
__ 3,519_ 
5,523 
3,928 
5,129 
5,476 
4,738 
-6,712--
-3;334 
2,638 
---~-!..?~ 
4,021 
--5~-808 .-
·-4,212 
---z-;ggq:-
2,864 
2~265 
5,601 
1,576 
3,242 
5,211 
0.71 
.65 
. ___ ... ___ 60_ 
__ .58 _ 
.60 
--.~ 
.54 
.58 
-----
.59 
.59 
.60 
--.-6-2-
.67 
.68 
.62 
.51 
--:53"---
.57 
-:o-Z-
----:s=;-
.64 
.55 
• 79 
.63 
------:-65-
1966 ___ ~.22~ __ •• 7776 __ 
1967 4,227 
1968 ____ ~J.58~ = __ ~ 
1969 5,022 • 70 
1970 3,984 .62 
~le.r qilliHfy record imtireo-perioa.--
Measured flow record entire period. 
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522 
__47._5 _ 
439 
430 
441 
449 
398 
-425-
-435-
433 
442 
---457-
--49i-
------503 
456 
374 
--387 --
--422"--
459'--
---z;:-2-z---
471 
-4~ 
579 
463 
~Sy-
560 
--506-'-
---rr7--
---_ ...... _---
515 
3,271 I 
~._989_ 
__ 2 ....... ,565 
__ 2~L 
__ ?J...55.§... 
__ 2,14~ 
2,991 
--2;270 
---3,039-
--3;2_23 
2,847 
--4",172 
----z;2i5 
--L§.92 
_-.-h733 
1,450 
--~077 
--[;241 
2,044 
~~~--- ~ ~-4T2 
_ __ ~.J.26_9_ 
__ ~L?J1.. 
__ 3,225 
3,518 , 
2,470 
__________ ~-_.J 
Table 12. Continued. 
Year 
1971 
1972 
Total 
Average 
Flow Concentration T.D.S. 
(A. F • ) (T./A.F.) (Mg.jl)_ (Tons) 
4,319 .57 419 2,461 
4;185 eb3 461 2,b25 
I 
I 
152,965 82,434 J 
4,155 .62 -45"6- 2 576 -----~~----------------------------~--------
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Table 13. Summary of salt loading at selected stations on the 
Colorado Rive'r (1000 tons / year). 
Sub- I Salt Loading, Tons/Yr. 
Basin I Station EPA
a USBR 0 (long I USU C (long 
I (1965-1966) term avg.) term avg.) 
UG-6 ! Green River near Green 945 558 494 i 
River, Wyoming 
UG-II Green River near 1177 956 1222 
Greendale, Utah 
UG-14 Duchesne River near 726 405 422 
Randlett, Utah 
UG-17 Green River at Green 3167 2644 2405 
River, Utah 
UG-18 San Rafael River near 327 221 243 
Green River, Utah 
UM-3 Colorado River near 639 593 610 
I Glenwood Springs, Colo. 
UM-5 I Colorado River near l595 1524 1540 
Cameo, Colorado 
UM-LO! Gunnison Rive r near 1704 1474 1647 
: Grand Junction, Colo. 
UM-I3 Colorado River near 4672 4145 4713 
Cisco, Utah 
US-2 San Juan River near 359 204 197 
Archuleta, New Mexico 
US-7 San Juan River near 1496 998 1010 
Bluff, Utah 
UM-14 Colorado River at Lee 6446 8566 I 8570 
Ferry, Arizona ( release) (inflow) (inflow) 
LM-l Colorado River near 7289 9676 
Grand Canyon, Arizona 
LM-2 Virgin River at 
Littlefield, Arizona 165 348 
LM-4 Colorado River below 7983 10410 
Hoover Dam, Ariz. -Nev. 
LM-6 Colorado River below 6617 8813 
Parker Dam, Ariz. -Calif. 
LM-7 Colorado River at Imperial 6851 9074 
ILM-8 
Dam, Ariz. -Calif. 
Colorado River at U. S. - 8994 
I Mexico border (Arizona) 
a Appendix A (1971) Environmental Protection Agency 
bU. S. Bureau of Reclamation, Progres s Report No.7, Jan. 1975. 
c Hyatt et al., 1970. 
d Colorado River Basin Salinity Control Forum (Unpublished). 
51 
i 
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x 1000 
Colo. Rivera 
Brd. of Cal. 
8430 
(inflow) 
6020 
(release) 
8120 
7120 
7470 
230,0001"". 
m. 
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4.000A~~ 
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Figure 11. Salt and water balances for specific hydrologic basins 
in the Green River reach study area. (Note: CUP is 
consumptive use by phreatophytes; PI is precipitation 
input; NL is natural salt loading; MSI is measured 
surface inflow; ussr is ungaged subsurface inflow; 
usr is ungaged surface inflow; SO is surface outflow; 
SSO is subsurface outflow; ET5 is evapotranspiration; 
AL is agricultural loading; loadings are in Tons /year 
and water flows are in acre-feet, A-F.) 
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Figure 12. 
WATER DISCHARGE, IN CUBIC FEn P£R SECONO 
Relation of concentration of dissolved solids to water 
discharge, Green River near Ouray, Utah. Curve is 
based on monthly average discharges and monthly 
weighted-average concentrations for periods of avail-
able data, water years L951-52 and 1957. 
(Iorns, et al, 1965) 
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J ens en and this quantity would have to be added to the long term. 
average for Greendale. Flaming Gor ge Dam. has regulated flows 
since 1962. 
Impact of salinity and flow from the Duchesne River near 
Randlett, Utah, includes flows from the Uinta and Strawberry 
Rivers (Table 11). Higher concentrations of TDS were observed 
in this subbasin than coming in from the Green; however) total tons 
are less than half because of the differences in quantity of flow. 
At the downstream end of the study area (Green River City, Utah), 
considerable increases in flow and tons of salt have been observed 
but lower concentrations (Table 12). Loadings at specific sites 
throughout the Colorado River Basin indicate the relative impor-
tance of specific streams and the gradual buildup of salt as esti-
mated by various research efforts (Table 13). The pattern of water 
losses (consumption) and diversions and the salt loading within the 
study area are shown in Figure 11. 
Salinity has a relationship to flow that must be understood 
in order to visualize the problems facing upstream and downstream 
users of water. As can be seen in Figure 12, the TDS concentra-
tion decreases with flow but tota11oad passing a point increases. 
As far as plant toxicity of salts is concerned, it is concen-
tration that is important. As far downstream users are concerned 
and after considerable diversion and wat!~r consumption has oc-
curred, it is the load which causes thr-i r high concentrations. 
Thus, the two aspects of salinity loadlng and concentration result 
from concentrating processes (man's and nature's consumptive 
use of water) and from leaching processes (weathering of rocks 
and dissolution of salts). Thus, long-term averages combine 
changes in flow (thus loading and concentration) as well as in-
creased consumptive use of water. In light of these consider-
ations it is important to consider the conclusions of the USBR 
(USBR, 1975) about salt control programs in mechanisms in the 
Colorado River; these aspects are considered relative to PL92-
500 in more detail elsewhere (UWRL, 1975b). 
The recent shortage in energy has caused 
a great demand for energy related developments 
such as power plants and oil shale and coal 
gasification industries. It is expected these 
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industries will use a large share of the un-
developed water in the future with little or 
no salt return to the river system. 
The rate of leaching of salts from the 
Flaming Gorge Reservoir area for the 1967-
70 and 1971-73 period has decreased signif-
icantly from the 1963-66 period. This decrease 
has contributed to a decrease in salinity below 
the reservoir for the 1969-1973 period. The 
range of average monthly temperatures of the 
Green River below the reservoir has been 
reduced considerably since closure of the 
reservoir. 
Changes in annual concentrations of dis-
solved solids at Lee Ferry seem to be de-
tected at Imperial Dam after about 2 years 
and it also appears that the salinity at 
Imperial Dam is responsive to annual fluct-
uations of discharge at Lee Ferry. 
A basin-wide program entitled "Colorado 
River Water Quality Improvement Program, " 
whose purpose is to alleviate salt contributions 
to the river system, is now underway. Public 
Law 93-320 signed on June 24, 1974, autor-
ized several projects for the improvement, 
enhancement, and protection of the quality of 
water available in the Colorado River for use 
in the United States and the Republic of Mexico. 
Pollution to the Colorado River Basin other 
than salinity has not been a major problem in 
the past but must receive careful surveillance 
and control measures in order that they will 
not become a major problem in the future. 
(DSBR, 1975) 
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To secure orderly use of the finite quantity of water in the 
Colorado River, all water has been allocated to the Upper Basin, 
the Lower Basin, and the Republic of Mexico. It is vital in sus-
taining cities, industry, mining, agriculture, recreation and 
natural processes. Any large resource development program not 
considered in the original allotments would require a serious 
adjustment in water use priorities within the Colorado River 
Basin. In viewing the development of the basin, certainly the 
major lesson is that quality and quantity of flow cannot be separ-
ated in water management programs and decisions for the Colorado 
River. 
WATER QUALITY IN THE 
COLORADO RIVER BASIN 
Since salinity is the most significant water quality problem 
in the Colorado River Basin and its service areas, a definition of 
salinity and its analogues is neces sary in understanding the prob-
lem. Salinity is total dis solved solids (TDS) in mg/I. It is 
measured directly by filtering water through a O.45t-L pore diame-
ter cellulose acetate membrane filter and drying at 180OC. An 
estimate of TDS can be calculatect from a co~plete analysis of 
all the cations (usually Ca ++, Mg +, Na +, K ) and anions (usually 
HCO - (C0
3
=), S04=' CI-). Another estimate which is commonly 
used\ecause of convenience and precision is specific conductivity 
(mhos/cm 25 0C) or as it is sometimes called, electrical conduc-
tivi ty (EC). For given water this, '3 ':nc,te seems valid because 
it is linearly related to TDS (TDS = k (~C); k = O. 55 - o. 9). 
An important aspect of salinity is the balance of ions or 
relative composition of the anions and cations, since particular 
ion concentrations are more serious, depending on the subsequent 
water uses. High sulfate or chlorides can be damaging to certain 
plants as can high calcium (inhibits uptake of potassium) and 
sodium. Sodium concentrations are the most serious as sodium 
may increase osmotic concentrations, be specifically toxic, or 
affect the soil structure, infiltration and permeability rates. 
The problem of soil affects from sodium fas led t~ a concept_ rf2 
the Sodium Absorption Ration (SAR = (Na )(1/2(Ca + + Mg++)) , 
me/I). Because of the high solubility of sodium and lesser 
solubility of other cations, notably calcium, sodium tends to 
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increase in ratio to other cations and can become a problem even 
though the overall TDS remains relatively constant. Attempts to 
combat the sodium ion exchange problem usually involve the ad-
dition of gypsum to the soil. In addition to agricultural problems, 
while exchange of sodium for calcium tends to soften water for 
municipal and industrial uses, high sodium water may have some 
health effects as well. 
All salts have some impact on crops and hence the use of 
water to irrigate crops requires an evaluation of soil and water 
salinity, and the ionic composition of the salinity. The types of 
crops that can best be grown will depend on all of these factors; 
and of course, economic returns from irrigated agriculture depend 
on crop types grown. 
In summary, the nature of the salinity problem is complex, 
both in the physical-chemical relations, in the application, manage-
ment and use of the water for various purposes, in the economic 
consequences of saline water use and in the costs and effectiveness 
of technologies for dealing with salinity. 
Because salinity is considered in detail elsewhere and be-
cause it is felt that little impact of salinity on aquatic biota could 
be substantiated, the term water quality in this section includes 
all parameter s except salinity. Water quality date from stations 
(Figure 13) listed in STORET were tabulated in Table 14. Only 
eight of the stations listed in Table 14 were within the study area. 
Violations of water quality standards were primarily DO and tem-
perature with occasional high heavy metals concentrations (Table 
15). Measurements made during low flow periods (August-Septem-
ber, 1973) during 303e studies (State of Utah, 1974; State of Colo-
rado, 1974) indicated the following: 1) 10 stations had excessive 
coliform counts (>5000 MPN /100 ml); about half arose from feed-
lots or grazing and the rest could be ascribed to inefficient waste 
treatment; 2) 5 stations showed exces sive BOD - (>mg/l); 2 from 
wastewater, 2 from animal wastes, and 1 natural (oil?); no DO 
problems (<6mg/l) were apparently observed; 3) 10 stations had 
excessive toxic chemical concentrations; 5 from natural sources 
and 5 as sociated with wastewater effluents; 4) consideration of 
salts arising from leachates and high salt groundwater inflows 
showed that this was a severe problem in the study area; 7 sta-
tions in the Duchesne drainage and 8 in the Price drainage had 
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Water quality STORET stations for Upper Colorado 
River Basin. 
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Table 14. 
USU 
Station STORET 
Map Table Station 
l.D. 1.D. 
1 u276A 0918850 
U275B 000224 
2 U273A 09203600 
3 U271A 09205000 
4 U271B 09192600 
5 U2.69C 09209400 
6 U266C 092.16000 
7 U257B 5605A2 
U258A 09217000 
8 U253A 5600501 
U2.56B 092.2.2000 
9 U261A 092.2.4700 
10 U252A 000281 
11 U240B 49012.1 
U2.38B 09234500 
12 U2.19A 000088 
U222A 000088 
13 UZ23A 09251000 
14 U246A 092.597000 
Characterization of Upper Basin water quality by STORET data. 
I 
Salinity Sediment Nitrogen Phos-
phorus Fecal BOD DO Temp DISS SOL RESIDUE RESIDUE CND- SUSP RESIDUE NH3-N N02+N:)3 SOL Coli 00010 Other 00310 00300 SUM 180C 105C ucrVy SED TOT NFLT TOTAL N-TOTAL P04-T 31616/ 
70301 70300 00515 00095 80154 00530 001'.10 
...Dnb30 nnt.~~ 31615 
(15) (80) (65) (122) (138) 16) Mn 2. 
8.85 6.8 249.7 239.4 375 16.7 
10.8-6.7 19-0 429-74 426-78 636-12.9 43-1 
(1) Il) (I) (I) 
14 49 52 76 
(11) (68) (89) (12.5) (137) 
9.5 7.4 llO.3 114 190.5 
10.6-8. I 20_0 274-35 280-32 424-8.6 
(66) (66) (65) (68) 
7.7 259 264.4 418 
23_0 408-130 430-134 658-.03 
(38) (86) (106) (195) (21B/ (S) 
9.4 8.2 209 22.2. 373.B 10.6 
13-7.2 21.5-0 356-91 368-102 2030-171 30-3 
02.) (117) (75) (121 ) (1491 
9.6 8.9 1981 218.25 2670 
11.3-7.4 26.5-0 2.880-237 4720-248 5170-395 
(45) (135) (113) (604) (6831 (2.6) (1) (11 (6) Phenols 133 
9.8 9. S 381.5 411 62.2.8 1489.9 0.02. 0.016 294.7 630,OOO-I,OOOug 
12.6-7.3 23. ?-o 1040-61 984-156 1660_257 13400-14 
01 (lJ 850-40 
0.016 60 
(B) (64) (l31) (280) (3J3) Il) <14/ (6) 
9 9.1 1205.5 12.77 -54 1647 0.05 0.096 30.5 
10.5-6.8 2.9-0 3180-.009 4000-260 452.0-.0099 0.66-0 50-10 
(1) 
O.OOB 
(6) (59) (139) (104) (236) (32.7) (35) (7) (l0) (10) (lB) Phenols 140 
.9~ 9.6 12. 1047 935 1396 2566 64.9 0.028 0.095 64.7 3, UO, 000-3, OOOug 
1.4-0.5 12.4-9.8 26.0-0 2ll0-1l2 2410-29B 3140-474 162.00-20 323-B ~. 08-0 0.35-0.01 140-2.2 
(8) 
O. I 
0.3-0 
(2.0) 
27.2 
348-2 
(35) (75) (37) (232) (97) (318) (85) (54) 1411 
9 6.13 481.8 4946 544 786.1 54.2 2.0 0.04 
11.9-5.5 10-3 62.1-430 866-98 710-293 12.40-112. 240-3 3.2-0.1 0.25-0 
(40) (71) (761 (75) (41) ISS) 
2.6 8.55 7.1. 299 60.6 0.1 
5.1-0.5 12.5-4.4 22-0 910-54 313-3 0.41-0 
(31) (82) (616) (675) (2.1/ (1031 
9.6 9.03 256.1 410.9 0.18 0.06 
10.8-7.4 28-0 656-64 898-0.01 0.71-0.01 0.74-0 
(18) (951 (52.) (82) (100) (1) 
9.5 B.S 284.8 327.6 507.8 300 
11.9-7.3 2,6.6-0 825-83 2,050-B8 2,960-120 
0' 
o 
Table 14. (Continued) • 
USU 
Stallon ~l OI<F.! 1'01> PO 
Stanon OOllO no 100 Map I Table 
l.D. I.D. 
IS UZZ6A 09260000 !I9) (74) 
U227A 000041 1.7 8. I 
5.5-0.3 11.8-0.4 
16 UZ21A 000040 (17) (39) 
1.7 7.98 
4.9-0.7 11-5 
17 U225A 000118 (b) !Ill 
0.95 10. I 
1.4-0.5 11.7-9.0 
18 U220A 09261000 (311 
9.4 
13-5.9 
19 U231A 190300501351 n61 
2.09 
4.8-1. "3 
20 U21SA 09302000 (24) 
9.4 
12. b-6. 6 
21 U20A 000117 (26) (53) 
U203B POO043 2.4 9.4 
5.8-0 13-5.4 
22 U209A POO044 (18) (42) 
1.7 8.2 
3.0-0.8 13-4.7 
23 U201B 09306500 (371 
8.7 
11.9-5.3 
24 U136A ~9314s00 {l5) 
10.5 
15-7.8 
25 UllOA 09315000 (31) 
? 9.6 
14-0 
26 U2JlA 09019000 (42) 
U215C 081342 9.2 
13-6.6 
27 U208B 09034500 !l7) (74) 
U207B 000045 2.2 8.4 
9.2-0.6 15-3. I 
I 
28 U178C 000115 (18) (25) 
U197 B 000098 1.0 9.5 
1.4-0 12.2-6.9 
29 U204A 09057700 (3) 
9.7 
10-9.3 
30 UI82B 09071100 (48) (110) 
U186B 000046 1.4 8.7 
UI92B 09070500 7.5-0 13.5-3.3 
Sahmty 
I "n.p 
.,l)fJIO DISo, SOL J RESIDUE ) RESIDUE I 
<;U,1 180C 10~C 
7030 I 70300 00,15 
(119) (41) ll9) 
8.3 364.8 525. I 
29-0 b99-.001 1600-103 
(43) 
9.4 
26-0 
!l2) 
b.7 
IZ-I 
(189) (57) 
10.8 407 
38-0 578-0.01 
(98) (lSI) (438) 
11.0 \085.7 1068 
28-0 2880-0.01 H30-209 
(60) 
9.4 
21-0 
(4b) 
9.9 
25-0 
(95) I (3) 
9.6 1300 
25-0 1700-620 
(61) (49) (494) 
II 2900 3200 
? -0 5400-750 7100-730 
(3221 (231 
IS 570 
? -0 772-60 
!lSI) !l75) (455) 
11.2 1100 1100 
28-0 2900-0 HOO-30 
(83) (55) (590) 
6.6 86 88 
19-0 170-49 170-8.3 
(32) 
7.2 
14-0 
(10) (8) (S) 
7.9 100 110 
14-1.0 140-86 130-96 
(76) (149) (910) 
7.6 380 t 380 
18.5-0 790-0 2000-0.67 
S"'d .. n1Cl'll Nurogen Phos-
phOrU5 Fecal 
Ci"D- SUSP I Rr::SlDUE NH3 -N I N02"N03 SOL Coli 
UC1 VY SED TOT NFLT TOTAL N-TOTAL P04-T 31616/ Other 
0009:- 801~4 00530 00610 00630 00653 51615 
176) 
I I "" 
l31 ) (21 ) (36) 
oSo 1293 0.05 0.19 0.08 
50-.01 l3350-5 0.25-0 0.9-0 0.4-0 
(42) !lb) (30) 
448.6 5S4 0.05 
728-135 57GO-I0 0.2S-0 
liZ) (7) (10) 
693.4 64.9 0.02 
8S4-620 323-8 0.08-0 
(273) (ZO) (58) 
623 0.69 0.04 
2330-0.01 7.3-0.01 0.33_0 
(17) NO,-N 
135 118 ) (16) 
179.6-103 0.45 16.6 
0.98-0. II llO-O 
(042) (19) (53) 
1576 0.26 0.06 
41400-291 0.9-0 0.34-0 
(59) (26) (421 (42) 
I 
620 500 0.03 0.20 AS 60 900-2 3100-11 0.16-0 2.0-0 
(4s) (16) (30) (30) 
630 400 0.05 0.2 
970-71 2700-5 0.21-0 1.3-0 Fe 2,600 
(4s4) (3) IZl) (56) Mn 2, 500 
850 200 0.14 0.06 
7200-0 480-48 0.52-0 0.35-0 B 17,800 
1551 ) {lSI (46) Fe 1,100 Mn 71 
3600 2.6 0.13 F 1,400 7500-1000 11-0.01 1.0-0 Fe 2,300 
(4781 (23) (3) IB) (46) Mn 71 
890 490 0.0) 0.5 O.OS 
3600-93 2200-34 0.01-0.01 0.84-0.22 0.37-0 
(684) (26) (61 ) nO) 
0 1600 0.27 0.06 0-0 F 1,200 41000-50 0.9-0 0.34-0 B 570 
Fe 2,000 
(734) (17) 1321 (23) (86) Mn 160 
150 13 0.1 O. J 0.08 
1600-5.2 32-0 0.7-0 0.27 -0 1.0-0 Fe 1,500 
Se II 
(32) (t7) (26) (13) (to) 
155 12 0.02 0.01 0.08 
2.6-110 51-0 o 08-0 0.3-0 0.1-0 
(II ) (4) (4) 
190 1.3 0.04 
220-160 5-0.03 0.05-0.03 
(1090) lSI) (65) (21) (78) F 1,300 630 60 0.3 0.13 0.03 
1500-0.01 590-2 14-0 0.5-0.01 0.28-0 Mn 120 
Table 14. (Continued). 
Salinity Sediment Nitrogen Phos-USU phorus Fecal Station STORET BOD DO Temp DISS SOL """DUE I.,'''OUE CND- SUSP RESIDUE NH3-N N02 ... N03 SOL Coli Other Map Table Station 00310 00300 00010 SUM 180C 105C UCTVY SED TOT NFLT TOTAL N-TOTAL P04-T H616/ 
L.D. l.D. 70301 70300 0051, 0009, 80154 00,30 00610 00630 00653 H61, 
H UI74A 070022 (48) (80) (103) (103) (188) (15) (70) N03-N UI80A 000047 1.4 9.5 LO 531.8 901.4 61. ~ 0.06 (72) 4.2-0.2 13.6-5.8 22-0 869-175 1520-250 379-3 0.49-0 0.2 
1·0 
~2 UI56A 00098700 (2) (25) (4) (54) (75) (9) (4) UI59B 070023 10.2 7.9 411.7 537. ~ 902.9 131.2 0.08 U17IA 09093700 11-9.3 20. ,-0 615-206 897-180 1980-300 536-8 0.15-0.03 
n UI28B 09105000 (10) (29) (9) (41 (29) (41 (6) (19) 10.3 8.8 439 422.4 6617 168 1.2 0.37 12.4-7.2 22-0 546-179 510-200 950-2 3 280-105 5.3-0.1 5-0.02 
34 UI18B 000048 (21 ) (48) (51) (51) (19) (34) N03- N Mn 100 2.2 to 894.9 189 0.28 (35) ~. 1-0. ~ ? -3. 8 22-0 1523-215 831-3 1.4-0 O. ~4 
3.5-0 
0' 
35 U100A 000100 (841 (80) (20) (20) (84) (881 1'1°3-1'1 (2) (72) Fe 3,000 UI02A 23127, 7.8 7.2 10 972 729 1.1 (891 0.71 1.41 UI02B 23127 , S,. 9-0.3 12.3-0.6 20-0 1543-200 473-0 11.6-0.01 1.8-0 l. 78-0.01 22-0 UI02C 231273 
I-- 36 U86A 000057 (19) (42) (461 (39) (44) (18) (33) N03-N (46) Mn 70 I. S 8.8 o. I 140 232 17.5 0.08 (34) 1288 3.4-0.6 15-1.6 18-0 181-72 320-153 98-2 0.62-0 0.12 33000-2 1-0 n U83B 0803A I (1) 
0.28 
38 UI0lA 000056 (211 (47) (51) (51) (18) (35) N03-N 1.4 8.7 9.4 554 131 0.07 (37) 2.4-0.6 13-3.6 23_0 1346-250 739-8 1-0 0.3 
2. ~-o 
39 U69A 000079 (l61 (33) (36) (271 (351 (16) (25) N03-N (31 ) 0.85 8.4 9.2 409 588 69.7 0.05 (25) 74.7 1.6-0.3 11.2-5.5 L9-0 684-154 912-280 303-0 0.7_0 0.18 no-o 0.8-0 40 U97A 000055 (43) (80) (127) (117) (90) (381 (55) (5) (71) F 23,000 U98A 09149500 1.8 8.7 L2 1435 1870 319 17.2 2.8 875 As 200 3.2-0.4 12.4-1.0 24-0 2360-99 5250-159 1173-71 946-0 3.8-0.9 10900-1.1 Mn 100 
41 UI08A 09152,00 (48) (107) (78) (307) (1118) (1178) (48) (62) (191 (114) UI09A 0000,4 16 8.5 10 1100 1100 1300 260 0.10 0.9 0.02 F 1,700 U113C 070002 4.0-0.7 12-5 24-0 2800-0.01 3000-84 3000-0.01 1600-15 1.5-0 1.9-0.01 0.12-0 Mn 83 42 UII7":A: ASPNOi- (20) (43) (51) (!:>~) ~ - (34) -15!:> I Fe3"";"600 2.2 7.8 11 1000 310 0.2 1.1 Mn 70 4.3-0.8 12-3.4 24.0 1500-9.8 2600-12 1.2-0 4.5-0 
43 UI21B 070038 (3701 13211 (249) (217) 1891 (275) (287) (31) As 300 U124B 070006 2.9 8.0 10 1000 1100 360 1.4 I. , Fe 5,600 
U132B 000050 8.0 12. ,-0 32-0 2400-210 1800-410 3900-0 9.5-0 3.6-0. L Mn 70 
44 UI15B 09163530 (10) (44) !l5) (104) (227) (20) 
Ull9A 09163500 8.9 10 800 900 1300 0.1 
12-7 22-0 1200-290 2600-225 3200-68 0.31-0 
45 U49A 000080 (14) (29) (32) (32) (II) (25) (25) 
1.3 8.7 7 340 23 0.05 0.06 Fe 1,600 2.5-0.3 11.5-5.1 23_0 590-5.8 91-2.0 0.33-0 0.5-0 
C1' 
N 
Table 14. 
USU 
Station 
Map TablE 
LD. I.D. 
46 U52A 
U52B 
U53A 
U54A 
U54B 
47 U73A 
U74A 
U74B 
48 U62A 
U63C 
U64A 
U64B 
U64C 
49 U70A 
50 U71AB 
51 U75C 
U76A 
U77C 
U78B 
USIA 
52 U92A 
U95B 
53 UI03B 
54 U89C 
U89B 
U89A 
U90A 
55 U35B 
56 U43B 
57 U37A 
U39A 
58 U24B 
U24C 
59 U29 
U33B 
60 U23A 
U33A 
(C ontinued) . 
l STORET BOD DO Station 00310 00300 
DLOR05 (10) 
DLOR06 4.1 
DLOR05 9.1-0.00 
DLOR02 
DLOROI 
000085 (13) (42) 
070041 1.5 9.2 
09169500 4.1-0.3 12.8-5.4 
SIVTNl (I4) 
SNlG04 8.8 
SNIG02 10.4-6.8 
SNlG03 
SNIGOI 
(9) (14) 
0.9 10 
1.6-0.4 11-6.6 
09175500 (41) 
10.0 
12.2-7.5 
09177000 (50) 
? 9.6 
070045 13.4-7.2 
09~77100 
? (28) (42) 
070013 6.7 7.9 
48-1.0 1l.5-4 
09180000 (30) 
10 
13_6 
09183ZIO 
490009 
490009 
? 
000102 (8) (I2) 
1.3 8.6 
2-0.8 11.5-4.5 
0001J9 (9) (12) 
1.5 9.4 
2.9-1 13-5.5 
340000 (8) (11) 
000105 1.5 8.6 
1.9-1.0 10.5-7 
NS 
NG 
000067 (l7) (40) 
08l2Et 1.9 8.1 
3-0.6 12-4.8 
NO 
NA 
Sallmty 
Temp DISS SOL RESIDUE RESIDUE 
00010 SUM 180e 105C 
70301 70300 00515 
(128) 1128) 
7.2 513 
2l. l-O l212-80 
(152) (24) 151) 
13.3 10650 532 
29.4-0 127190-228 1590-12.5 
(l00) 1107) 
H.I 260.6 
15.6-0 552-50 
(17) 
9 
21-0 
(43) 
440 
800-170 
(107) l263) 
11 860 
25-0 2530-180 
(4) 
16 
24-7 
(lIS) (54) (3971 
12 1400 1800 
27-0 7100-0.01 8200-200 
(42) 
860 
1420-228 
(45) 
10 
20-0 
(14) 
9.2 
20-0 
(13) 
14 
24-0 
(l04) 
12 
22_6 
(44) 
10 
27-0 
(I97) 
14 
19-6 
Sedlment Nitrogen Pho&-phorus Fecal 
Coli CND- SUSP RESIDUE NH3-N NOZ"l\03 SOL Other 
UCTvy SED T01 NFLT TOTAL N-TOTAL P04-'T 31616/ 
00095 80154 00530 00610 00630 00653 31615 
(109) Pb 2,700 I 
530.9 Mn 9,500 
1160-104 
2.6 
1202 ) (16) (21) 12l5. (, 
12868 660. S 0.45 30.000-2 
100000-9.7S 5189-22 4.5-0 
(86) Pb 2,000 
458.3 Mn 7,100 
110-83 Zn 5,100 
tl7) (! I) (l4) (14) Fe 1,300 
350 46 0.04 0,44 
470-l00 160-3 O.l-O 5-0 
(165) 
630 
1500-230 
(416) (7) (13) (ll ) As 100 
1200 1.0 2.6 0.02 Ph 300 
3000-257 2.9-0.06 11-0.13 0.08-0 Mn 120 
Cd 30 
Cr 64 
(46) (251 (36) (34\ (31) Fe 7,800 
2700 440 5.6 2.2 0.12 Mn 150 
8000-315 1900-14 20.5-0 6. Z-0.2 0.5-0 
(469) (25) (53) Fe 760 
2700 2.6 0.05 Mn llO 
12800-0,01 14-0.01 0.38-0 
(45) (38) 
1255 421 
Cd 20 
2030- 384 3447·4 
Mn 85 
(13) !l21 Fe 900 211 0.01 
281-135 0.12-0 
(14) (9) Ill) (12) Fe 350 231 17 0.03 0.04 
501-110 77-0 0.24-0 0.3-0 
(13) (9) (11) (11 ) F 600 400 54 0.04 0.12 
540.5 252-6 ~.12-0 0.41-0 
(30) (37) 
222 0.44 
260-195 1-0.165 
.45) !l8) (30) II) 600 24q 121 F 0.07 0.012 Fe 2,200 362-139 1301-0 0.4-0 p.012 -0.012 
(54) ( 17) 
227 0.4 
259.182 1 •• 0.22 
0' 
l.V 
Table 14. (Continued). 
I 
USU 
Statton STORET BOD DO 
Map Table Station 00310 
00300 
l.D. L.D. 
61 U3C 09357300 (lZ6) (190) 
U8A 093b5000 0.77 9.27 
UZIA 09355500 S. 6-0. I 110-5.4 
62 U55B 000082 171 (24) 
U60A ANIMO 1 0.5 8.9 
u60B ANIMI0 1-0.2 13-5 
U62A SIVTNI 
63 U44A ANIM06 (l311 (251 
U44B 070004 3 7.4 
U48A 000081 8-0 10-4.5 
64 U30A 340056 (1651 082) 
U37A 340000 2.08 8.9 
U39A 000106 8.6-0 13. ~-4. 3 
65 U4B 09364500 (29) (47) 
1.3 9.6 
2. B-O. 3 13.0-6.9 
66 U2A SJRI05 (22) 
UI0B SJR1l4 9.1 
UlIA 340002 9.7-6.7 
UllB SJR116 
U14B SJRllB 
67 U16C SJR120 (107) (157) 
U17A 340003 2.5 7.5 
Ul9A 09368000 7-0 12.1-3.7 
UnA 000063 
bB U40B 09379500 140} 
9.2 
14-1.3 
Salinity 
Temp DISS SOL RESIDUE RESIDUE 00010 SUM l80C 105C 
70301 70300 00515 
(463) (373) (61Z) (4) 
24.1 ~Z5 ~79. 96 105 
z6.03-0 2011-135 1380-.0098 120-70 
(49) (241 (231 
8. 'I ~60 184.5 
18.0 1548-104 297 -29 
!lSI) (161) 
6.4 177.5 
14-2 260-240 
(198) (13) (127) 
9.8 256. S 337.7 
23.5-0 ~20-200 600-B7 
(177) (90) (400) (5) 
11.9 354.3 ~94. 2 460 
27. B-O 610-127 1040-130 560-260 
(181) 
10.9 
26.5-0 
!l62) (37B) (524) (113) 
16.0B 422. B 533.7 667 
27-0 12090-B6 1900-B2 1920-144 
(449) 139B} (9211 
15.5 650 669 
34-0 1910-157 1800-7.0 
Sediment Nitrogen Phos-phorus Fecal 
CND- Coli SUSP RESIDUE NH3-N NOZ ... m3 SOL Other 
ucrVY SED OTNFLT TOTAL N-'IOTAL P04-T 316161 
00095 80154 00530 00bl0 00630 00653 31615 
I11Z7} (44) OZO} 13Z} (IZO) (731 !l5'11 
545.5 5586.8 0.32 0.078 0.3Z 
Mn 4,901 
0.08 100ZO 
2731-.0098 33200-27 2.8-0 0.45-0 2.8-0 0.61-0 120000-0 
(52) 
0.25 
0.8-0 
(48) (12) (20) (20) Pb 1,000 
428.7 11.5 0.05 146 Mn 7,700 
640-130 31-0 0.72-0 2200-0 
(20) 
0.07 
0.8-0 
(70) (6) (10) (10) Fe 2,000 
445.6 22.5 0.15 79 Pb 800 
1100-112 48-5 0.58-0 240-0 Mn 2,250 
llO} Cu 1,500 
0.27 
1.5-0 
Cl9} (257) (188) (29) (IS) 
397.9 205.6 0.14 0.20 
1660.6 
576-5 3316-6 2.4-0 1.5-0.1 
24000-2.2 
(11) 
0.12 
0.41-0 
(470) (96) (5) (16) (30) (32) 
(20) B 12,000 
586.8 3439.7 292 0.07 0.14 0.04 
320 Fe 600 
1340- 23000-lB 1100-10 0.31-0.01 0.39-0.01 0.15-0 
1520-10 Pb 100 
Mn 75 
5e 22 
(1141 I (29) (125) I ~855 
512 I 0.15 21000-266 
837-200 1.0-0.01 
(291 
0.7 
1.4-0.07 
(96) (225) (l53) (34) (B) (l40) Pb 600 
1012 1000.2 0.287 15.8 0.08 4340 B 7,364 
1309-206 ! 32600-0 0.25-0 40-0.1 0.3-0.01 51000-2.2 As 100 
(56) Mn 6.500 
0.71 
1.55-0 
(1021) (658) 1221 (SOl F 6,700 
9G8 11876 0.75 O.OB Fe 1,500 
26BO-237 155000-42 1.7_0.07 0.46-0 Mn 150 
Table 15. Comparison of STORET data with water quality standards. 
WRSA Station BOD DO Temp. Fee. Coli Other No. No. 
1402 21 5.4/9.4 21/9.4 As 0..06 
22 4.7/8.2 Fe 2.5 
Mn 2.4 
1403 18 38/10 
19 
0"- 20 28/11 B 17.8 ~ 
Fe 1. 1 
Mn 0.71 
23 25/9.6 
24 F 1.4 
Fe 2.3 
Mn 0 .. 07 
25 0/9.6 
total hardness greater than 500 mg/l and sulfates greater than 
500 mg/l. Although the Green River and the upstream tributaries 
showed relatively good salinity « 500 mg/l) the downstream 
reaches of the White and Duchesne showed salinity values greater 
than 500 mg/I. TDS in the downstream reaches of the Price were 
generally greater than 2000 mg /1 TDS and a s high as 4700 mg /1 
TDS in Drunkard's Wash, a tributary of the Price. 
WATER QUANTITY IN THE 
COLORADO RIVER BASIN 
Hydrology in the study area was determined from 303e 
studies, USGS Gaging Station records and from a report by Hyatt 
et ale (1970). The overall description of the study area is keyed 
to the map of the hydrologic subbasins (Figure 4) and the dis-
cussion of the specific subbasins as described by Hyatt et a1.(1970). 
The study area is composed of six hydrologic subbasins: 
1) the Green River reach (UG 17) extends from Jensen to Green 
River City, Utah.and can be considered in two separate sections 
with demarcation occurring at Ouray, Utah (Figures 14 and 15) 
between the junctions of the Duchesne and the White Rivers; 2) 
Ashley Creek (UG 12) is an identifiable subbasin; 3) the Duchesne 
River (Figure 16) has been subdivided into two subbasins at 
Duchesne, one of which includes the upper reaches of the Duchesne 
River and the Strawberry River (UG 13) and the other of which 
contains the lower reach of the Duchesne and the Uinta River 
(UG 14); 4) the Price River (UG 16) (Figure 17), and the White 
River (UG 17) (Figure 18) are identifiable subbasins. 
Green River Reach (UG 17) 
The Green River above Ouray, Utah~ subbasin incorporates 
the confluences of the Green River with the Duchesne River, White 
River, and Ashley Creek (Figure 14). The inputs to this subbasin 
consist of recorded flows and computed groundwater outflows 
from the adjoining subbasin. The estimated subsurface water 
outflow is small, being less than 1 percent of total basin discharge. 
Because of the relatively small area of agricultural land in the 
basin, it is very insensitive to changes within the agricultural 
component of the system. Outflow is shown in Figure 19. 
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The Green River above Green River, Utah, is drained by 
the main stream of the Green River and lies immediately down-
stream from Ouray, Utah (Figure 15). Inflows consist of sub-
surface outflows and recorded surface flows from the Price River 
drainage and the Green River at Ouray. Contributions from in-
basin tributaries are hardly significant in terms of the total flows 
of the Green River. The agricultural system has no appreciable 
effect on outflows. However, consumptive use by phreatophytes 
is important. There are no subsurface outflows, and the estimated 
salt load contributed from natural sources within the basin was 
very small. Comparisons between computed and observed outputs 
for this subbasin are shown by Figure 20. Basically, inflows are 
virtually unmodified by the subbasin as they move to the outlet 
point. 
Although Ashley Creek (UG 12) discharges directly into the 
main stream of the Green River, the effects of the hydrologic and 
salinity outflows from this tributary upon the total flows of the 
Green River are minor (Figure 14). The major inflow to the 
modeled area occurs as measured outflow from offstream store-
age in the Steinaker Reservoir. The waters of Ashley Creek are 
extensively used for irrigation within the subbasin. Most irri-
gation diversions are measured, although some unmeasured flows 
are diverted to fill secondary water rights during periods of high 
spring runoff. Les s than 1 percent of the total basin outflow con-
stitutes subsurface flow. Average groundwater salinity concentra-
tions within the subbasin were estimated to be about 2500 ppm. 
A significant portion of the total salt load from within the subbasin 
(approximately 12,000 tons /year) was attributed to the effects of 
irrigation. Computed and observed outflow functions for both 
water and salt are compared in Figure 21. As expected, salt 
output was highly sensitive to changes within the agricultural com-
ponent of the system. 
The Duchesne River above Duchesne, Utah, subbasin (UG 13) 
lies in the upper portion of the Duchesne River system and is 
drained primarily by the Duchesne and the Strawberry Rivers 
(Figure 16). Irrigation flows maintained a near capacity soil 
moisture level throughout most of the growing season. The 
average irrigation efficiency was found to be about 50 percent. 
The practice of irrigation contributes only a small part of the 
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Figure 19. Runoff Hydrograph - Green River above Ouray, Utah, 
1964- 1965. 
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Figure 20. Runoff Hydrograph - Green River above Green River, 
Utah, 1964- 1965. 
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Figure 21. Runoff Hydrograph - Ashley Creek Basin, 1964-1965. 
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Figure 22. Outflow Hydrograph - Duchesne River above Duchesne, 
Utah, 1965- 1966. 
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Figure 23. Outflow Hydrograph - Duchesne River above Randlett, Utah, 
1965- 1966. 
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Figure 24. Runoff Hydrograph - White River Basin, 1964- 1965. 
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Figure 25 0 Runoff Hydrograph - Price River Basin, 1964- 1965. 
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total salt outflow from the subbasin and salinity is very insen-
sitive to changes within the agricultural component of the systern. 
Subsurface flow constitutes approximately 10 percent of the total 
outflow frorn the basin. Figure 22 illustrates computed and ob-
served outflows of water and salt frorn the basin for the years 
1965 and 1966. 
The Duchesne River above Randlett, Utah,subbasin (UG 14) 
encornpasses the lower part of the Duchesne River and its tribu-
taries, most of which drain the south side of the Uinta Mountains 
(Figure 16). The subbasin involves a large agricultural area, and 
the effect of irrigation on the outflow of both water and salt is pro-
nounced. Approximately 10 percent of the outflows of both water 
and salt from the subbasin occurs beneath the surface. The agree-
ment achieved between computed and rneasured outflows during the 
rnodel verification studies is illustrated by Figure 23. 
The White River subbasin (UG 15) lies prirnarily in west-
central Colorado, with the Colorado River on the south and the 
Yarnpa River on the north (Figure 17). The lowest portion of the 
drainage area lies in east-central Utah at the point of confluence 
of the White and Green Rivers. However, for this study, the 
White River subbasin is assumed to terrninate at the USGS water 
quality monitoring site located near Watson, Utah. This desig-
nation assigns the White River subbasin an area of approxirnately 
4000 square miles. 
Early settlernent and developrnem: l.i.l the subbasin occurred on 
the natural meadows bordering the river. The first settlement 
of any rnagnitudeoccurred in the town of Meeker, Colorado, around 
1881. Livestock production formed the early econornic base for the 
subbasin, with an agricultural enterprise devoted essentially to 
the raising of feed and forage crops. About 1940, the economic 
base was expanded by the development of oil and gas resources 
near Rangley, Colorado. This area is now the largest producer 
of oil and natural gas in the State of Colorado. The estimated 
population of the subbasin in 1970 was about 4900 persons, with 
70 percent of these living in the towns of Meeker and Rangley. 
Cornputed and measured flows are shown in Figure 24. 
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Outflow from the Price River subbasin (UG 16) discharges 
directly into the lower Green River in eastern Utah (Figure 17). 
Flows in general are similar in pattern to the other subbasins, 
but salinity in surface and groundwater is higher. Figure 25 
compares computed and observed outflow functions for both water 
and salt for the years 1964 and 1965. 
Water depletions and withdrawals of water for municipal and 
industrial use in the Colorado River Basin are another maj or 
aspect of hydrology and they as sume enormous importance in 
water short areas. They do not apply particularly to the study 
area, but they are of future importance to the study area as well 
as the entire basin. (Depletions are actual uses; withdrawals are 
diversions and after depletion there is return flow, presumably.) 
Estimated values of municipal and industrial uses are shown 
for 1975 in Table 16. These values were calculated by linear in-
terpolation from 1965 Framework Study data using OBERS Series 
E projections (OBERS E, 1974). Because these are calculated 
values they should not be considered as absolute. Rather, the 
values represent an order of magnitude and a relative means of 
comparison. 
In 1975, agriculture accounted for the major water depletion 
in the Upper Basin (Table 16) with Basin 1405 being the major 
agricultural water user. Comparison with 1965 data indicates the 
amount of agricultural water depletion in Basin 1401 has not in-
creased as much as in Basins 1407, 1406, and 1404. In 1975, the 
major agricultural depletion occurred in Basins 1402, 1404, 1405, 
1406, and 1407, with comparatively small water depletions in 
Basins 1403 and 1404. 
The greatest municipal (domestic) water depletion in the 
Upper Basin occurs in Basins 1401, 1403, 1405, and 1407 while an 
extremely small municipal (domestic) depletion is present in 
Basin 1408. Basin 1405 has a significantly greater municipal 
(domestic) depletion than do any of the other basins. 
Industrial and manufacturing water depletion is relatively 
small in the Upper Basin. Consumptive use by the coal industry 
in Basin 1403 is the major source of water depletion. It is an-
ticipated that future growth of the coal industry in the Upper 
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Table 16a Estim.ated water depletion for Upper Colorado Basin, 1975, in Acre/feet. 
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Basin will stiITlu1ate even greater depletions. The ITlining industry, 
including energy, in general throughout the Upper Basin creates 
a significant water depletion, especially in Basins 1403, 1405, and 
1406. The value in Table 16 represents a treITlendous increase 
over 1965 in water depletion by ITlining in Basin 1401 for 1975. 
Otherwise the cOITlparative water depletion has reITlained approx-
iITlately unchanged. 
Water Withdrawal 
The water withdrawal requireITlents for ITlunicipa1 (dom.estic) 
and industrial uses for both the Upper and Lower Colorado River 
Basins are shown in Table 17. These values were calculated froIn 
Udis (1968) and the OBERS projection. The se values are not in-
tended to be absolute or cOITlplete; rather they ITlerely represent 
an order of ITlagnitude and a relative ITleasure for cOITlparison. 
In ITlany cases data were not available for analysis. 
Evaluation of Table 17 indicates that ITlunicipal (doITlestic) 
use is the dOITlinant single use in the Upper Basin (excluding 
agriculture}o Basins 1401, 1403, 1405, and 1407 in the Upper 
Basin appear to be the predoITlinant ITlunicipa1 (doITlestic) users of 
water. Basin 1408 appear s to have a significantly lower ITlunicipa1 
(doITlestic) use than do the other basins. 
The ITlajor industrial or ITlanufacturing uses of water appear 
to be located in Basins 1405 and 1407, while Basins 1401, 1402, 
1406, and 1408 appear to have a relatively sITlall industrial or ITlan-
ufacturing water requireITlent with the available data. 
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Table 17. EstiITlated water use (withdrawal) in the Upper Colorado River Basin, 1975. 
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CHAPTER 4 
DESCRIPTION OF POLLUTION DISCHARGES 
DATA SOURCES 
EPA permit system (NPDES) data were used to identify 
point sources. These were compared with population data, 
State 303e reports, and other state data to insure completeness. 
One important data lack was the adequacy of discharge flow and 
quality data. Operation of small treatment plants is spotty and 
information often is not obtained; thus spot estimates are often 
the only available data and longterm or cumulative values can-
not be used. 
POINT SOURCES 
Those dischargers which actually discharge to streams in 
the study area are listed in Table 18; other communities and in-
dustries are listed elsewhere (UWRL, 1975b). Note that no ag-
ricultural wastewater sources are identified; there are no iden-
tifiable point agricultural sources in the study area. No permits 
have been issued in the Colorado River Basin so far. 
In analyzing the significant point sources, it was necessary 
to make some judgments about effluent quantity and loads. Con-
sequently, six sites in the study area were defined as having a 
high enough wastewater quantity or potential quantity to be dealt 
with in detail. These are the municipalities of Vernal, Duchesne, 
Price, and Bonanza (projected wastewater source), Utah, and 
Ran gely and Meeker, Colorado. Industrial and energy develop-
mental uses of water will likely not have an impact on water 
quality except insofar as flow and dilution are decreased as a 
result of diversion. This is because most industry is using no 
discharge as a goal to be achieved, i. e., complete containment 
of wastes. 
Irrigation return flows reenter rivers in this region pri-
marily as groundwater inflows. It is often difficult to identify 
agricultural or natural components of groundwater inflows. 
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Table 18. Point sources affecting Green River study area (source: NPDES). 
Point Loads (NPDES) 
Industrial 
Moon Lake Electric (C00000302) 
Utah Power and Light (UT-0000094-
00 I, OOl, 003) 
Whiterocks Fish Hatchery 
(UTOOOO 191) 
Polumbus Corp. (UTOOOOI83) 
Carbon/Emery Animal By-Products 
(UT0000043) 
Mariani Air Products (UT0000078) 
Major Oil Corp. (UT0022527) 
Clinton Oil Co. (UTOOOOI24) 
R. Lacy Inc. (UTOOZ1768 
Hollandsworth 8. Travis Operating Co. 
(UTOOl 179Z) 
Municipal 
Meeker Sanitary Dist. (C0002697Z) 
Rangel y Sanitary District 
(COOOl697Z) 
Vernal City (UT0020028) 
Duchesne City Corp. (UTOOl0095) 
Roosevelt City Sewer Dept. 
(UT00203l0) 
Price River Water lInprovernent Diet. 
(UT0021814) 
OBERS 
Subregion 
140l 
1403 
1403 
1403 
1403 
1402 
1402 
1403 
1403 
Flow (MGD) 
0.Ol5 
NA 
0.005 
0.018 
3.554 
0.1 
0.0008 
0.2 
0.0015 
+ San 
0.005 total 
2.46 
0.3 
0.084 
0.27 
0.05-.099 
1.0-4.9 
0.15-.275 
0.05-.099 
1.6-1.2 
BOD 
1.3 
37 
1070 
4.5-12 
,5-50 
1.2-20 
22-20 
COD 
1.5 
13 
1380 
15-20 
ss 
394 
l20 
105 
265 
18.9 
2 
1850 
5-4.5 
4300 
Coliforms 
4-43000 
Remarks (RM = river mile) 
Moon Lake Electric Assoc., Inc., Rio Blanco 
County, Colo. Power gen~ration--overflow rrorn 
cooling tower, backwashing filters, softeners. 
White River. No residuals. 
Carbon Plant at Castle Gate--Willow Creek and 
Price River, Carbon County, UTe Cooling tower 
slowdown, chemicals, clarifier, evaporation. t'\IIlQ 
settling ponds. Resi.duals to landfill (PRMI04) 
Utah Division of Wildlife. Unitah County. UT. Uinta 
River. no residuals. fURM25) 
Near Vernal, Ashley Valley oil field, sludge ponde, 
and lagoon. Ditch to Ashley Creek, no residuals 
(ACRMI2) 
Drunkards Wash and then to Price River. No resi-
duals (PRM 50. 0) 
Wellington, Flood wash to Price River. (PRM78.15) 
Roosevelt. North branch or Dry Gulch. Septic tank 
and evaporation pond. (URM 5. 95) 
Vernal, Aahley Creek. aludge ponda. oil well. 
(ACRMI2) 
Vernal. Ashley Creek, oU well. (ACRM 12) 
Vernal, ditch to Aahley Creek. oll well. (ACRM 12) 
Rio Blanco. Colo. White River. 2 cell extended 
aeration. (WRM 160) 
Rio Blanca. Colo. White River. Secondary 2 stage 
aerated lagoon. (WRM 82) 
Aahley Creek. trickling filter. includea two indus. 
trial dischargers. (ACRM 11.4) 
Lagoons. Ducheane River. (DRM 64. 8) 
Dry Gulch Creek lagoon (6 ponds) to Unita River. 
(URM5.95) 
Wellington, tricklins filter, to Price River. 
(PRM78.15) 
Feedlots are small and so far have not been under the per-
mit system. Grazing is common but is a diffuse source of BOD, 
coliform, and nutrients. Diffuse sources of salinity and often 
water quality parameters need assessment, but have been defined 
as beyond the scope of this study because of project time and 
money constraints. 
. -
ESTIMATES OF MUNICIPAL POLLUTION 
LOADING IN THE COLORADO RIVER BASIN 
Estimates of pollution loadings from municipal sources in 
each of the OBERS regions are given in Table 19. 
The values in the table were obtained by assuming that con-
sumptive use by municipal users was approximately one-third of 
the total water demand. Therefore, municipalities would dis-
charge a volume equal to twice their consumptive use. The qual-
ity of the discharge was assumed to be typical of most municipal 
discharges. The loadings were then calculated using twice the 
consumptive use values in Table 16 (UWRL, 1975b). This does 
create some error because some of the municipalities might not 
be sewered and thus would not have a discharge. 
Table 19 indicates that Basin 1405 is the major source of 
municipal loading in the Upper Colorado River Basin, and that 
Basin 1504 is the major source of municipal loading in the Lower 
Colorado River Basin. The loading from Basin 1506 is relatively 
small in the Lower Basin. The table also reflects the larger 
population concentrations in the Lower Basin where the majority 
of municipal loading occurs. Discharge permits obtained from 
EPA are available for more thorough analysis in the analysis 
report on municipal loading (UWRL, 1975b). 
NONPOINT SOURCES 
Storm runoff may be of some importance in communities 
where the impervious surfaces increase overland flow. No at-
tempt has been made in the study reach to assess this contribu-
tion to the water quality problem because the communities, 
hence the loadings, are very small. 
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Table 19. Estimates of municipal pollution ioadings for OBERS 
regions (1975). 
BOD Sa Hnity Total Nitrate 
OBERS Region Phosphorus Lbs /yr tons/yr Lbs /yr lbs /yr 
~r Basin 
L401 202, L43 2,463 303, 215 126,339 
l402 93,322 L, 1.37 L39,984 58,324 
L403 2L6,717 2, 641 325,077 135,448 
L404 Ll9,829 1,460 L79,744 74,892 
1405 470,476 5, 734 705,7L4 29,405 
1406 14 L, 400 l,723 2L2, 101 88,375 
1407 48,809 594 73, 2 L2 30,506 
Upper Basin TotaL 1, 544, 919 18, 826 2,3L7,533 700,991 
Lower Basin 
L501 l, 100, 409 13, 4 LL 1, 650,485 687,723 
L502 3,017,816 ~f-\, 77R 4,526,377 L88,605 
L503 637,583 7,770 956,301 398,470 
l504 6, 515, 284 79,400 9,772,179 4,071,866 
L505 1, 4L4, 396 17, 237 212, 144 883,957 
L506 475, 318 5, 795 713, 169 297, 162 
Lowe r Ba sin Tota L L3, L60, 796 L60, 391 L7,830,655 6, 527, 783 
REGION TOTAL 14,705,7l5 L79,217 20, 148, 188 7,228,774 
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Other diffuse sources have been similarly unidentified for 
many of the same reasons. Combined sewer overflows apparent-
ly do not exist in the study reach. Septic tank (as are used in the 
small communities) contributions to water quality problems prob-
ably are unimportant if not unmeasureable (e. g., see Meyers 
et al~, 1972). Agriculture nonpoint sources would include over-
land flow where it occurs; data from Hyatt et ale (1970) indicate 
this is unlikely. Groundwater flow is most likely the return flow 
mechanism for much of irrigated agriculture in the study area. 
Small feedlots and grazing apparently were responsible for most 
of the observed coliform problems (State of Utah, 1974). Control 
of trailer dumpout wastes, garbage and refuse disposal (includ-
ing dead animals), proper wastewater treatment plant operation, 
and sewage in small communities would eliminate some of the 
observed problems (State of Utah, 1974). 
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CHAPTER 5 
SCENARIOS AND HYDROLOGIC CONDITIONS 
IN THE GREEN RIVER REACH 
SCENARIOS 
In the study area it was assumed that the restrictions of 
effluents by state laws would supercede the requirements of 
PL 92-500 for WWTP effluents. In a practical sense Utah's 
effluent standards are utilized because they are the most strin-
gent in the study area so far. The deadlines of 1977 (BPT), 
1983 (BAT), 1985 (EOD) were applied to effluents of the six 
communities described in the previous chapter; in addition, 
these same treatment levels were applied to effluents from the 
communities after adjustment of populations for the year 2000 
(Table 20). The total range of alternative futures considered 
included 17 choices but only 7 were considered feasible because: 
1) population changes for OBERS E projections for the differ-
ent dates were essentially nonexistent (Table 2), 2) EOD I and 
Eon II exert essentially no difference in effluent, hence stream 
quality, and 3) no population effect on effluents will be ob-
served with EOD except where flow is appreciably affected; this 
will be unimportant for the populations described in the study 
area (Table 2). Intermediate energy effects on population fig-
Ctres were not selected because in the study reach, even the 
greatest number was unlikely to have significant impact on 
water quality. 
Hydrologic Conditions 
The hydrology of the study area was characterized in the 
model (Chapter 4) and flows were obtained from USGS records, 
water master records (Carter, 1973; Rasmussen, 1973; Rowley, 
1973), and 303e plans (Appendix A). The baseline year was 
specified as 1973 and all data was developed from the 303e plan 
(State of Utah, 1974; State of Colorado, 1974) because these 
were the most com.prehensive water sampling programs in the 
study area; also the data were the most recent and accurate. 
Flows for streams, diversions and treatment plants were spec-
ified for the second week of September 1973. This is during the 
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Table 20. Alternative futures of population increase and waste 
treatment in the Green River reach study area. 
Year Flow (based Pollutant level, Actuallb a ~Treatment~ on EOEulation~ Earameters, i studied 
1973 (baseline) X, measured Yi, measured Yes 
1977 (BPT) Xl' OBERS E Y Ii, estimated Yes 
X2, High Energy Yli " No 
1983 (BAT) X 3 , OBERS E Y 2i 11 Yes 
X4 , High Energy Y 2i 
11 Yes 
1985 (EOD I) XS" OBERS E Y 3i 11 Yes 
X6" High Energy Y 3i " No 
1985 (EOD II) Zero" OBERS E Y 3i 11 No 
Zero" High Energy Y 3i " No 
2000 (BPT) X8" OBERS E YIi II No 
X9" High Energy Y Ii II Yes 
2000 (BAT) X8" OBERS E Y 2i " No 
X 9" High Energy Y 2i 
11 Yes 
2000 (EOD I) X8" OBERS E Y 3i II No 
X9" High Energy Y 3i 11 No 
2000 (EOD II) Zero" OBERS E Y 3i 11 No 
Zero" High EnergyY 3i 11 No 
a BPT is Best Practicable Technology and represents 2S/2S for 
BODS and suspended solids, 2000 MPN/ 100 ml for coliform; 
BAT is Best Available Technology and represents 10/10 for 
BODS and suspended solids" 200 MPN/lOO ml for coliform; 
EOD is Elimination of Discharge; I represents 0/0/0/0 for 
BODS" suspended solids" NH4-N" coliforms and water intake 
concentrations for other parameters; II represents zero ef-
fluent flow in addition to zero pollutants (complete containment) 
as will likely be practiced wherever possible. 
bWhere no significant difference in pollutant loading would occur" 
the option was not analyzed. 
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period of low flow and when diversions have the least effects on 
flow balance. For the most part diversions represent water 
stored in reservoirs during times of peak flow. Thus, Septem-
ber flows represent "a worst case" with the annual variations 
smoothed out compared to an unregulated stream. These flows 
were termed "critical flows" as opposed to the often used 7 day 
1 0 year low flows for the "worst case tI. It was not pas sible to 
use 7 day 10 year low flows because of diversions and reservoir 
storage. Flow balancing was not possible without a more com.-
prehensive m.odeling effort including hydrologic modeling. Also, 
the critical flow concept represents a more realistic longterm 
flow condition. 
A schematic of the hydrologic system studied (Figure 26) 
shows several basic sources of water: headwaters (H), loads 
(streams and point sources, L), checkpoints (C) to compare re-
sults with observed data, and junctions (J) between tributaries 
and terminations of the two major study reaches (T). The 1973 
flows were determined for each of the se points, a flow balanc e 
made, and then the calibration of the model performed (Chapter 
6) • 
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END 
GREEN RIVER (117.4) 
Figure 26. Schem.atic 
representation of 
wa ter quality m.od el 
(SSAM) of study area. 
CHAPTER 6 
PROJECTION METHODS AND WATER 
QUALITY MODEL (SSA11) 
MODEL INPUT DATA 
Hydrologic data and effluent quality data were obtained 
froITl USGS reports and the 303 e reports and were input to the 
"Stream SiITlulation and AssessITlent Model" (SSAM) (Grenney 
et ale ~ 1974). The hydrologic data were described in Chapter 
5 and listed in Appendix A. 
The effluent quality data are described in Table 21 for the 
various alternative futures as discussed in Chapter 5. The first 
grouping in Table 21 is for existing effluent flows and qualities 
as ITleasured in 1973 303e studies (State of Utah~ 1974; State of 
Colorado, 1974). Parameters for Bonanza were considered 
zero because at the present tim.e there is no discharge into the 
actual drainage systeITl (White River). Where data were not 
available, estiITlates were ITlade. EstiITlates were based on 
McGauhey and Middlebrooks (1972) and were as follows: NH4 
-N = 10 ITlg/l, P04-P = 10 mg/l, other param.eters judged on 
basis of ambient water quality. 
The next groupings were for the years specified by PL 92-
500 (1977, 1983, 1985) and a future benchITlark year (2000). In 
1977 the basis of State of Utah standards, BPT, is defined as 
2S mg/l BODS' SS (suspended solids), and 2000 MPN/ 100 ml 
coliform. Utah specifies that in 1980 an effluent standard appro-
priate to BAT will be defined; to relate to Colorado it is assuITled 
that those 1980 standards will still be in effect in 1983. These 
will be 10/10 for BODS Iss and 200 coliform.s/100 ITll. In 1985 
two alternative EOD conditions were considered: (I) zero dis-
charge of pollutants and (II) zero discharge of flow and pollut-
ants. EOD(I) effluent levels were estiITlated by assuming that 
BODS' NH4 -N, coliform, and SS were zero and that other par-
ameters were equal to influent to the water systeITl, i. e., the 
water quality at an upstreaITl station for TDS, Cl-, P04 -P, 
N03 -N, and DO. EOD(II) was siITlply a m.atter of flow adjust-
m.ent to zero so that no effluent entered the stream.. 
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Table 21. Effluent flow and quality of m.ajor wastewater treatm.ent plants in the Green 
River reach study area. 
Flow mg/I !Coh ' Coliforms, MPN/IOO ml) 
WWTP Year (CFS) TDS Cl - SS COLI NHy-N P04-P NO}-N CBOD DO 
Vernal 1973 3 488 48 ~~b 4300 10.Ob 13. } 2.9 21 0.6 Duchesne calibration a 1.0 1920b 125b 2300 8.0b O. SS 0.16 I. ~ 3.2 Meeker & baseline 0.17 1000b 80b 47 l40 10.0b 10. O~ 1. 0b 83 1.8 Rangely 0.13 :~~~b ~~b IS 2400 10. 0b 10.Ob O.ob 14 14.2 Bonanza 40 10~~~b 10.0 10. a O. S 12 8.8 Price 8. a 2996 60 145 8.4 18. a 4.45 47 8.3 
Vernal 1977 48B 48 25 2000 10.0 10.0 0.5 25 6.0 
Duchesne (OBERS) I. a 1920 125 25 2000 8.0 O. ~5 0.15 l5 ~.l 
Meeker BPT 0.17 1000 80 25 2000 10.0 10.0 I. a lS 1.8 
Rangely 0.13 1000 75 2S 2000 7.0 10. a 0.6 25 14.2 
Bonanza 0 1200 90 25 2000 10. a 10. a 0.5 lS 8.8 
Price B.O 2996 60 25 2000 8.4 18. a 4.45 l5 8.3 
Vernal 1983 488 48 10 lOa 10.0 10.0 O. '> 10 b. b 
Duchesne (OBERS) 1.0 1920 IZS 10 200 B.O O. S5 O. IS 10 ~. l 
Meeker BAT 0.17 1000 80 10 200 10.0 10.0 1.0 10 1.8 
Rangely 0.13 1000 75 10 lOO 7.0 10.0 0.6 10 14.2 
-...0 Bonanza 0 1200 90 10 lOO 10.0 10.0 0.5 10 8.8 
VJ Price 8.0 2996 60 10 laO 8.4 18.0 4.45 10 8.3 
Vernal 1983 3.3 488 48 10 lOO 10.0 10. a 0.5 10 6.6 
Duchesne (high energy) 1.1 1920 125 10 200 8.0 0.55 0.15 10 }.2 
Meeker BAT .n 1000 80 10 200 10.0 10.0 1.0 10 1.8 
Rangely .18 1000 75 10 200 7.0 10.0 0.6 10 14.2 
Bonanza 0 1200 90 10 200 10.0 10.0 0.5 10 8.8 
Price 8.5 2996 60 10 200 8.4 18.0 4.45 10 8.3 
Vernal 1985 I 3.3 284 10 0 0 0.7 0.6 
Duchesne (OBERS) 1.1 390 1.4 0 0 0.3 0 3. Z 
Meeker EOD .22 593 45 0 0.05 0.16 1.8 
Rangely .18 593 45 O. OS 0.16 14.2 
Bonanza 0 593 45 0.05 O.lb 8.8 
Price 8.5 523 6.0 0.14 0.05 8.3 
Vernal 2000 6.2 488 48 25 2000 10.0 10.0 0.5 Z5 0.6 
Duchesne (E) 2.0 1920 125 25 ZOOO 8.0 0.55 0.15 Z5 3.2 
Meeker BPT 2.22 1000 80 25 ZOOO 10.0 10.0 1.0 Z5 1.8 
Rangely 2.18 1000 75 25 2000 7.0 10.0 0.6 25 14.Z 
Bonanza 1.2 1200 90 25 2000 10.0 10.0 0.5 25 8.8 
Price 13.1 2996 60 25 2000 8.4 18.0 4.45 Z5 8.3 
Vernal 2000 6. Z 488 48 10 ZOO 10.0 10.0 0.5 10 6.6 
Duchesne (E) Z.O 1920 125 10 200 8.0 O. S5 0.15 10 3. Z 
Meeker BAT 2.22 1000 80 10 1O0 10.0 10.0 1.0 10 1.8 
Rangely 2.18 1000 75 10 200 7.0 10.0 O. b 10 14.2 
Bonanza 1.2 1200 90 10 200 10.0 10.0 0.5 10 8.8 
Price 13.1 2996 60 10 200 8.4 18.0 4.45 10 8. ~ 
aAnalllsia date Reference River Mil .. 
Vernal Sept_ 10,1973 ~f Utah, 1974) ~Creek (ACRM 11.4) mto Green at GRM 297.01 
Duchesne Sept. 10,1973 (State of Utah, 1974) Duchesne RM 64.8 
Meeker Oct. 17,1973 (State of Colorado, 1974) WhIte RM 160 
Rangely May 10,1973 (State of Colorado, 1974) White RM 82 
Bonanz.a. Sept. 13,1973 (State of Utah. 1974) WhIte RM 51.2 (actually Coyote Waeh) 
Price Sept. 24,1973 (State of Utah, 1974) Pnce RM 78. 15 
b No data; values were estimated. 
Effluent flow estimates as affected by population increase 
were obtained by assuITling (1) 90 percent of the population in-
crease in a WRSA would enter the larger comITlunities, (2) the 
population increase in a subregion could be determined for a 
specific county by determining the ratio of the county population 
to the subregion population, and (3) that the population increase 
in the target cities (Table 21) would be the cities in the subregion 
to increase in population. Bonanza was the exception to these 
sets of assumptions; it was assUITled that the population of Bon-
anza would increase because of oil shale development and would 
attain 8000 people in the year 2000, all of which population would 
increase during 1985 to 2000. These assumptions can be stated 
in equation form as follows: 
(Projection _ 1970 pop.) (0. 9) (county pop., 1970) 
(subregion pop., 1970) 
+ (urban pop. in county, 1970) = projected urban 
population 
Because no population increase occurs under OBERS E project-
ions and because energy iITlpacts on population projections are 
ITlinimal until 1983 (Table 22), only population increases for 
1983 and 2000 were studied. The population increase was ap-
portioned to the towns on the basis of population (Table 22). 
Effluent flows were calculated bas ed on an additional 100 gpd 
per capita. This last assUITlption is unrealistic in terms of 
likely technology for the study arc> '" (Jans) but errs conser-
vatively. 
Table 22. Increases in population for target towns (extrapolated 
from Table 2). 
Vernal 
Duchesne 
Price 
Bonanza 
Rangely 
l\,1eeker 
Base 
Population 
1970 
3,908 
1,094 
6, 218 
150 
1, 591 
1, 597 
Increase in Population (total pop. ) 
1983 2000 
1, 947 (5, 855) 
545 (1,639) 
3,099 (9,317) 
3,365 (4 p 956) 
3,365 (4,962) 
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---------------------
20, 544 (24,452) 
5, 756 (6,850) 
32, 705 (38, 923 ) 
8,000 (8,150) 
12, 714 (14,305) 
12,714 (14,311) 
WATER QUALITY MODEL 
A river water quality model, "SSAM" (Stream Simulation 
and Assessment Model), was developed at UWRL for use in 
water quality management studies. The model has been succes s -
fully applied to the Bear, Virgin, and Sevier Rivers in Utah (for 
example; Utah Water Research Laboratory, 1974). The model 
was used in waste load allocation studies to evaluate various 
management alternatives for dealing with projected waste loads 
during periods of low river flow (7-day 10-year low flows) and 
critical flows. A detailed description of the model is attached 
as Appendix B. 
The model, SSAM, can simulate nine constituents simul-
taneously: two conservative constituents (for example salinity); 
a nonconservative substance (55); coliform bacteria (MPN); 
ammonium (NH4 ); nitrate (N03 ); biochemical oxygen demand (BOD); and dissolved oxygen (DO). User options are available 
to run any combination of constituents. Reaeration and biolog-
ical rate coefficients in the model are automatically adjusted for 
temperature. Saturation concentrations of dissolved oxygen are 
calculated as a function of temperature and elevation (atmospher-
ic pressure). The model includes the following sources for con-
stituent input: 1) headwater flow, 2) diffuse surface runoff, 
3) diffuse subsurface runoff, 4) point loads, and S) leaching 
from bottom deposits. Provisions for point diversions and 
stream flow to groundwater are included in the model. Bio-
chemical interactions are represented by first order, linear 
differential equations and advection are modeled for conditions 
of steady flow. 
The solution technique for SSAM provides exact solutions 
for the system of differential equations and, therefore, elimi-
nates numerical errors from the model responses. The model 
was developed with the user in mind and provides convenient 
input formats to facilitate both calibration and management runs. 
A testing of the response of the m.odel was made using a 
uniform stream and streamflow with three waste point load in-
puts and a tributary (Figure 27). Loadings of BODS' NH4 -N, 
and DO were used in conjunction with varying parameters 
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Figure 27. Schematic of unit response study of SSAM. 
associated with processes of oxygen metabolism and mass trans-
fer. The factors studied were K2A (reaeration coefficient, days 
-1), PR (photosynthetic coefficient, mg 1-1 day-I), K9A (CBOD 
assimilation coefficient, days-I), K7A (NBOD assimilation co-
efficient, days -1), BO (benthic oxygen input from benthic plants, 
mg m -2 day-I), and BB (benthic oxygen demand, g m- 2day-I). 
Values of K2A were 1. 0 for every run of the single factors, 
where single coefficients had a zero value or a specific rate 
value (see Figure 28). Then a minimal sensitivitl study was 
done for K2A (where K2A = O. 1, 1.0, 5.0 days - ) and using 
all other factors at the specific rate value as used in the single 
coefficient studies. These results are shown in Figure 28 where 
DO variations are shown to respond sensitively and logically. 
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80 " 20 in reach 2 only 
k9A" 0.75 
1t7A:r. 0.6 
B8." 30 in reach 2 only 
-s.turotion :r. 9.02 mgll 
K2A IS 1.0 
PI'! " 0.5 In reach I only 
80 • 20 in reach 2 only 
K9A" 0.75 
K7A II 0.6 
BB II 30 in reach 2 only 
J').-G-Il>----<:~'""_G). - Saturation .. 9.02 mg/l 
River Mlle. 
K2A II 5.0 
PR" 0.51n reoch I only 
BO" 20 In reach 2 only 
K9A .. 0.75 
1(711" 0.6 
BS II 30 In roach :2 ani, 
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CHAPTER 7 
RESIDUALS TO BE PRODUCED IN ACHIEVING 
EFFLUENT ABATEMENT 
INTRODUCTION 
According to the Federal Water Pollution Control Act 
Amendment of 1972, it is the national goal that discharge of pollu-
tants into navigable waters be eliminated by 1985. It is also a 
national goal that wherever attainable the interim goal of water 
quality which provides for protection and propagation of fish and 
wildlife, and provides for recreation, be achieved by July 1, 1983. 
If these goals are to be attained within the Colorado River Region, 
then it is necessary that some in-depth analysis be made of pos-
sible environmental impacts associated with pollutant transfers 
within the basin. In other words, if pollutants are to be eliminat-
ed from the river system by 1985, then the pollutants must be 
transferred elsewhere. Fish and wildlife and recreation interests 
benefit with regard to the "improved" river system, but how does 
the pollutant transfer process affect the rest of the ecosystem, and 
particularly terrestrial aspects of the ecosystem? Environmental 
degradation means more than si:mply pollution of water and like-
wise enhanced environmental quality should consider more than 
simply an "improved" aquatic environment. The environment en-
compas se s the entire biolo gical, physical, and social milieu in 
which man is immersed, and therefore a holistic approach to the 
problem is warranted. Therefore, in effect, we must add this new 
dimension to the already existing three areas of great uncertainty: 
the a bility to show that a given treatment of effluent will or will not 
achieve a given level of water quality, the ability to quantify how 
short of a desired level of environmental health a given level of 
pollution will fall, and, finally the ability to put a dollar estimate 
on the cost of falling short of this environmental standard. 
The principal water quality parameters of interest in the 
Colorado River Basin are salinity, dissolved oxygen, heavy metals, 
and nutrients. Though salinity is probably the principal water 
quality problem, consideration will be given to all parameters 
listed. One of the serious problems immediately encountered is 
that priorities are most seriously lacking for an assessment of 
activities that are deleterious to the basin environment. The basin 
environmental system is complex, and it is indeed tempting to break 
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the system into a series of more or less elementary problems that 
lend themselves to some sort of specialized approach. In fact, this 
happens to some degree in thIs report. However, one cannot afford 
to become so involved in the elementary aspects of the total pro-
blem that the links between elements (interactions among subsys-
tems)' with their feedbacks, are overlooked or at least under-
estimated in their importance. We would certainly maintain that 
there are a scarcity of individuals who are familiar with the most 
important political, economic, social, and technical problem areas 
and who at the same time maintain an awareness of the biological 
implications. As a result we often fail to foresee the future based 
on complexities within the total system. 
POLLUTION AND ECOSYSTEM STRUCTURE 
Problems caused by pollution are generally presented from 
two viewpoints - -that of pollution primarily as a hazard to man and 
the other being a threat to the maintenance of a biosphere suitable 
for life as we know it. The first viewpoint leads to emphasis on 
human food chains and the second leads to emphasis on human wel-
fare insofar as it depends on the integrity of the many ecosystems 
of the earth, the living systems that appear to have built and now 
maintain the biosphere. 
Pollution will cause changes to occur within any given eco-
system. The pattern is first a reduction of diversity of species 
and a shift in the structure of the ecosystem through elimination 
of sensitive species. For instance" in terrestrial plant communi-
ties, the shift is from trees toward shrubs, forbs, or mosses and 
lichens. However, more than simply structure and diversity are 
involved in this example- - simplification of the plant community 
involves also a reduction of the total standing crop of organic 
matter and a corresponding reduction in the total inventory of 
nutrient elements held within the system. The implications are 
that the changes may have important long-term effects on the po-
tential of the site to support life. The potential of a given site 
for supporting life depends heavily on the pool of nutrients avail-
able through breakdown of primary minerals and through recycling 
in the living portion of the ecosystem. Reduction of the structure 
of a system may drain these pools either in whole or in part--in 
otherwords, it puts leaks in the system. The consequence is not 
only a loss of biotic material but a great increase in time necessary 
to repair damage, a loss of ecosystem resiliency. 
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Continuing with the plant community example, not all pollu-
tants affect plants directly; some have their principal effects on 
heterotrophs. What changes may one expect in animal populations? 
Approximately 10 to 20 percent of the energy entering a plant COIn-
munity is transferred directly to the animal community through 
herbivores. Changes in the plant community (size, rate of energy 
fixation, and spe cie s) will therefore affect the structure of the 
animal community as well. Introduction of a pollutant, as for in-
stance a persistent pesticide, favors the generalists or broad-
niched species, the gulls, rats, ravens, pigeons, and in a very 
narrow short term sense, man. In the end, in an effort to correct 
the aquatic and terrestiral community changes (structure, nutrient 
cycles, population stability, etc.) as the result of pollutant intro-
ductions, man must constantly work to keep the system patched up. 
ENVIRONMENTAL IMPACTS OF VARIOUS 
ACITIVITIES WITHIN THE BASIN 
One way of looking at the pollutant problem is first to identify 
what activities are or may be taking place within the basin and also 
what the favorable and adverse environmental effects are which are 
associated with those activities. Secondly, which of the effects 
associated with an activity are affecting quality of water within the 
basin and what is the relative magnitude of the impact on both local 
and regional water supplies and espeically as related to best practi-
cable technology, best available technology, and elimination of dis-
char ge? And thirdly, what is the relative magnitude of the iInpact 
as related to the terrestial environments adjacent to the Colorado 
River system, again assuming best practicable technology, best 
available technology, and elimination of discharge? 
The six treatment plants described in Chapter 5 (Table 21), 
the NPDES dischargers (Table 18), and future developments in the 
area will all produce residuals associated with the increased tech-
nology needed for meeting requirements of PL 92-500. Disposal 
of residuals in other media (land, air) does not necessarily im-
prove environmental quality. At present it is considered that re-
siduals in the Green River Reach Study Area will be too low in con-
centration to affect other resources. However, the problem is 
basin wide and it is necessary to assess all impacts, at least 
qualitatively, to insure the maintenance of a high level of environ-
mental quality. 
The Colorado River Basin Ecosystenl 
(Flora and Fauna) 
Various aspects of the Colorado River Basin ecosystem are 
briefly described elsewhere in this report. It suffices to say that 
due to ITlany diverse eleITlents there exists wide variation in pysical 
and biological attributes of the basin. Appendix C provides a con-
cept of the diversity of plant and aniITlal life within the basin. 
Basin Activities 
Though population densities within the Colorado River Besin 
are low, there are a variety of activities that take place. Impacts 
of these activities are given a qualitative rating of miniITlal or con-
siderable based on a general knowledge of the literature. No effort 
has been made to quantify impacts. The assuITlption here (and else-
where in this report) is that at SOITle point on a watershed the flow 
of water is concentrated enough at that point that the flow could con-
ceivably be subject to effluent liITlitations. In other words, pollu-
tants at one stage are the product of a diffuse source and at another 
stage (or level within the wate rshed) are a product of a point source. 
Tim ber ITlanageITlent. Table 23 shows the environITlental 
effects of tim be r manageITlent and forest road prograITls within 
the basin. The greatest iITlpact of these activities will COITle at 
the local level, and the water quality parameter most affected 
will be sediment. Though road prograITlS could have a widespread 
influence on water quality, timbe r ~::> >'\Jesting is generally carried 
out on a very localized scale and therefore iITlpacts on water quality 
would be expected to be rather minimal, especially if reasonable 
precautions are taken. 
Cloud seeding. Environmental effects of cloud seeding and 
resultant impacts are shown in Table 24. In general adverse iITl-
pacts on water quality at either the local or basin level would be 
ITliniITlal; there would be iITlprovement re suIting from higher flows 
and/or greater diluting capacity. 
Miscellaneous construction. Table 25 is an exaITlple of one 
type of construction practice within the basin. In general, at the 
present time, -miscellaneous construction practices will have only 
a minor impact on water quality, even at the local level. This 
assumes, of course, that SOITle care is exercised to avoid exces-
sive surface runoff from construction sites. 
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Table 23. Environmental effects of timber management and forest road programs and the 
relation of these effects to impacts (at the local and regional level) on the water 
resource and, conversely, on the surrounding terrestrial environment under 
conditions of EOD to the river system.Y 
Those Effects 
Directly 
Impacting 
Quality 
of Water 
Favorable Environmental Effects 
A. Stable local economy 
B. Rural employment 
C. Fire Control 
* 
D. Public access 
* E. Big game habitat 
* F. Range 
* 
G. Stability and variety 
Adverse Environmental Effects 
A. Roading 
* B. Timber Harvest 
C. Erosion 
* D. Sound 
E. Viewing 
F. Wildlife 
Elk, cougar, bear (-) 
Deer (little influence) 
Fish (little influence to -) 
}) M = .Minimal 
BPT '" Best Practicable Technology 
BAT Best Available Technology 
EOD Elimination of Discharge 
Relative Magnitude 
of lmpact on Local 
Water Supplies 
BPT BAT EOD 
H~ M-C M 
M-C M-C M 
M M M 
M M M 
C M-C M 
C H~ M 
Relative Magnitude 
of lmpact on Total 
Basin Water 
Supplies 
BPT BAT F.on 
M M M 
M M M 
M M M 
M M M 
M-C M-C M 
M M M 
Water Quality Parameters Affected 
Heavy 
Salinity DO Metals Nutrients Sediment 
X X X 
X 
X 
X 
X 
X X 
Impact on 
Surrounding 
Terrestrial 
Environment 
at EOD 
M-C 
M 
M 
M 
M 
M 
I--' 
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Table 24. Environmental effects of cloud seeding and the relation of these effects to impacts (at 
the local and regional level) on the water resource and, conversely, on the surround-
ing terrestrial environment under conditions of EOD to the river system.lI 
Relative Magnitude 
of Impact on Local 
Water Supplies 
Water Quality Parameters Affected 
Impact on 
Surrounding 
Terrestrial 
Those Effects 
Directly 
Impacting 
Quality 
Relative Magnitude 
of Impact on Total 
Basin Water 
Supplies Heavy Environment 
of Water BPT BAT EOD BPT BAT EOD Salinity DO Metals Nutrients Sediment atEOD 
Effects of increased precipitation 
A. Ecological Imp'acts 
1. Wildlife.~l 
2. Soi11/ 
3. Vege.tationi/ 
4. Invertebrates 
5. Nutrient Loss 
B. Social and economic impacts 
* 
* 
* 
C. Land impatcs (erosion, runoff) * 
Effects of silver iodide (ecological * 
effects of free silver, effects 
on aquatic environment, effects 
on soil microorganisms and 
plants, effects on humans, air 
pollution, water pollution, 
effects of acetone) 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
M 
l/ M = Minimal, C = Considerable, BPT = Best Practicable Technology, BAT = Best Available Technology, 
EOD = Elimination of Discharge. 
X 
2/ Includes big game, effect on winter range, impact on size of winter range, small mammals and birds, fish, 
- threatened wildlife, wildlife distribution. 
3/ Includes soil moisture and soil temperature changes. 
~/ Includes various physiological stresses. 
X 
X 
X 
x 
X 
X 
M 
M 
M 
M 
M 
I--' 
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Table 25. Environmental effects of pipeline construction and the relation of these effects 
(at the local and regional level) on the water resource and, conversely, on the 
surrounding terrestrial environment under conditions of EOD to the river 
system.!! 
Those Effects 
Directly 
Impacting 
Quality 
Relative Magnitude 
of Impact on Local 
Water Supplies 
Relative Magnitude 
of Impact on Total 
Basin Water 
Supplies 
Impact on 
of Water BPT BAT 
Favorable Environmental Effects 
A. Socio-economic benefits 
Adverse Environmental Effect~/ 
A. Visual scars on landscape 
B. Noise 
C. Air pollution 
* 
M M 
D. Siltation 
* 
M M 
E. Denudation of vegetation 
* 
M M 
F. Increased runoff 
* 
M M 
EOD BPT BAT EOD 
M M M M 
M M M M 
M M M M 
M M M M 
Water Quality Parameters Affected Surrounding 
Terrestrial 
Heavy Environment 
Salinity DO Metals Nutrients Sediment atRon 
x 
X 
X 
X 
M 
M 
M 
M 
l/ M = Minimal, C = Considerable, BPT = Best Practicable Technology, BAT Best Available Technology, 
EOD = Elimination of Discharge. 
~/ Generally considered to be short term effects. 
Fossil fuel electric generating plants. As given in Table 26, 
effects of fos sil fuel electric generating plants can be divided into 
environITlental effects of siting and environITlental effects of opera-
tion. Relative ITlagnitude of iITlpacts on water quality at both the 
local and basin levels are given a ITliniITlal rating. 
One of the obvious unknowns here is the impact of heavy 
ITletals which are emitted as part of the stack effluent. What will 
be the long terITl effect on both the aquatic and the terrestrial eco-
systeITl? At this time available literature indicates that particulate 
emis sions, sulfur eITlis sions, oxides of nitrogen, and heavy metal 
emissions will have only minimal impact on water quality and there-
fore the impact on the surrounding te rre strial environITlent at zero 
discharge would also be ITlinimal. 
Land-use planning. This category, shown in Table 27, in-
cludes nUITlerous land-use planning activities carried out by the 
various federal agencies. IITlpacts of timber harvesting and live-
stock grazing have been pulled out and are presented in Tables 23 
and 28. As can be seen, the effects on local and total basin water 
quality characteristics range froITl ITlinimal to considerable, with 
several water quality paraITleters being affected. The obvious 
probleITl in this evaluation is the degree of disturbance caused by 
anyone activity, and this depends on many factors. In ITlost cases, 
the problem is sim.ply one of identification, the im.pact then being 
evaluated on an individual watershed basis. 
Livestock grazing. Much of the Colorado River Basin is 
grazed by dOITlestic livestock and probable im.pacts of grazing are 
given in Table 28. However, the iITlpact of grazing on m.ost water 
quality param.eters is unknown. As sum.ing that grazing im.pacts 
ITlay be reflected in range condition ratings, data regarding total 
acreage of various plant cOITlITlunities in both the Upper and Lower 
Basins and classification of those cOITlmunities into range condition 
categories are given in Table 29. As can be seen, much of the 
Upper and Lower Basin range plant communities fall into the fair 
and poor range condition category. This undoubtedly influences 
hydrology of the basin. Where im.provement is noted in range con-
dition it is also generally noted that infiltration rates im.prove, 
seciiITlent production rates may diITlinish, and possibly salt loading 
in overland flow is reduced. The vast area occupied by rangeland 
plant cOITlmunities within the basin certainly justifies increased 
attention to improved grazing m.anageITlent. 
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Table 26. Environmental effects of fossil fuel electric generating plants and the relation of 
these effects to impacts (at the local and regional level) on the water resources 
and, conversely, on the sjrrounding terrestrial environment under conditions of 
EOD to the river system.l 
Those Effects Relative Magnitude Relative Magnitude 
Directly of Impact on Local of Impact on Total Water Quality Parameters Affected Impact on 
Impacting Water Supplies Basin Water 
Surrounding 
Quality Supplies Salinity DO Heavy Nutrients Sediment Terrestrial 
of Water Metals 
Environment 
BPT BAT EOD BPT BAT EOD at EOn 
A. Environmental Effects of Site 
Preparation and Plant Construction 
L Changes in landscape in 
the plant development 
area 
2. Relocation of existing 
natural drainage * M U M M H M 
X M 
3. Discharge of wildlife 
and temporary loss of 
vegetation 
4. Temporary dust 
5. Temporary possibilities 
of erosion * M M M M M M 
X M 
6. Visual impac t 
7. Noise 
B. Environment Effects of Operation 
1. Air quality_~ * M M M M M M X X M to 
2. Dust 
3. Noise 
4. Water Quality..sl * M M U M M M X 
M-C 
~I M = Minimal, C = Considerable, BPT = Best Practicable Technology, BAT = Best Available Technology, 
EOD = Elimination of Discharge. 
hi Includes particulate emissions, sulfur emissions, oxides of nitrogen, and possible heavy metals. 
~I Assumes that water which becomes unusable due to high concentrations of dissolved solids will be 
evaporated to the atmosphere. 
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Table 27. Environm.ental effects of land use planning!..! on public lands by federal land m.an-
agem.ent agencies and the relation of the effects to im.pacts (at the local and regional 
level) on the water resource and, conversely, on the surrounding terrestrial environ-
ment under conditions of EOD to the river systern.Y 
Those Effec tS Relative Magnitude Relative Magnitude Impact on 
Directly of impact on Local of impact on Total Water Quality Parameters Affected Surrounding 
impacting Water Supplies Basin Water Terrestrial 
Quality Supplies H.eavy Environment 
of Water BPT BAT EOD BPT BAT EOD Salinity DO Metals Nutrients Sediment at EOD 
-----------
A. Effects of planning on: 
L Soil 
* 
M-C M-C M M-C M-C M l{ X X M 
2. Water]/ 
* 
'3. Vegetation 
* 
M-C M-C M M-C M-C M X X X M 
4. Wildlife 
5. Mining 
* 
M-C M-C M M-C M M X X X M-C 
6. Scenics 
7. Roadless area values * M M M M M M X M 8. Timber harvest.Y 
9. Livestock grazing2! 
10. Recreation 
* 
M-r, M M M M M X X M 
11- Sedimentation 
* 
M-C M-C M M-C M-C M X X X X M-C 
12. Landscape alterations 
* 
M-( M M M M M X M 
!/ includes allocation of land to various land resource uses and activities, establishes objectives, documents managmenet direction, decision, 
and necessary coordination between resource uses, and provides for the protection, use, and development of 
unit specified. 
~/ M = Minimal, C = Consideration, BFt Best Practicable Technology, BAT Best Available Technology, 
EOD = Elimination of Discharge. 
1/ Refers to production of water. 
~f See Table 23. 
if See Table 28. 
the various resources within the 
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Table 28. EnvironITlental effects of livestock grazing and the relation of these effects to iITlpacts 
(at the local and regional level) on the water resource and, conversely, on the sur-
rounding terrestrial environITlent under conditions of EOn to the river systeITl.!i 
Those Effects Relatjve Magnitude Relative Magnitude Impact on 
Directly of Impact on Local of Impact on Total Water Quality Parameters Affected Surrounding 
Impacting Water Supplies Basin Water Terrestrial 
Quality of Supplies Heavy Environment 
Water BPT BAT EOD BPT BAT EOD Salinity 00 Metals Nutrients Sediment at EOD 
Effects of grazing on: 
A. Soil (including changes * M-C M-C M M-C M-C M X X X M-C 
in soil flora and fauna, 
moisture infiltration, 
ruoff, sedimentation, 
and salinity). 
B. Water (including * M-C M M M M M X X M 
consumption of streamside 
and aquatic vegetation, 
wading, and deposition 
of animal wastes in the 
wate9-
C. Air (including odors 
and dust). 
D. Living components * M-C M-C M M-C M-C M X 
X M-C 
(including plants 
and animals). 
!/ M = Minimal, C : Considerable, BPT Best Practicable Technology, BAT c Best Available Techonology. 
EOn = Elimination of Discharge. 
Table 29. General plant cornrnunities found in the western 
United States and also, more specifically, within 
the Colorado River Basin. Pl.ant com.rnunities are 
broken out according to range condition classes.Y J 2/ 
Total Western Area 
Grass 
(desert grasslands, annual 
grasslands) 
No. Desert Shrub 
(sageb rush) 
So. Desert Shrub 
(shrub-steppe 
cnapparal-mrn. shrub) 
Salt Desert Shrub 
(desert shrub) 
Pinyon-Juniper 
Upper Colorado Basin 
Grass 
No. Desert Shrub 
So. Desert Shrub 
Salt Desert Shrub 
Pinyon-Juniper 
Lower Colorado Basin 
Grass 
No. Desert Shrub 
So. Desert Shrub 
Chapparal 
Range Condition Classificati(m 
Good Fair Pf)or Total 
(thous.ands of acres and perc'eat of area) 
10,402 
31. 7 
4,372 
4.6 
8,588 
12.2 
10,259 
11. 9 
2,415 
5.7 
1,918 
31. 7 
108 
4.6 
417 
12.2 
200 
11.9 
332 
5.7 
5,358 
31. 7 
393 
4.6 
5,913 
18.4 
159 
4.6 
15,5'62 
74.4 
48,550 
51.5 
38,769 
54.9 
49,833 
57.9 
17,9'09 
42.0 
2,868 
74.4 
1,210 
51.5 
1,879 
54.9 
975 
57.9 
2,450 
42.0 
8,012 
47.4 
4,402 
51.5 
18,221 
56.7 
1,823 
52.6 
5,833 
17.8 
41,297 
3'0.2 
23,325 
33.0 
25,951 
30.2 
22,353 
52.4 
1,077 
17.8 
709 
30.2 
1,129 
33.0 
509 
30.2 
3,0.56 
52.4 
3,009 
17.8 
2,581 
30.2 
8,002 
24.9 
1,483 
42.8 
32,798 
94.,219 
70. £>82 
8~, 043 
42,677 
6,051 
2,349 
3,422 
1,684 
5,833 
16,902 
8,547 
32,137 
3,466 
II Range condition relates current condition of the range to the potential of 
which the area is capable. 
~I Data from Upper and Lower Colorado Region Comprehensive Framework Studies, 
Federal Interagency Group for the Pacific Southwest Interagency Committee, 
Appendix VI, June, 1971. 
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Prototype oil shale leasing program. As indicated in Table 
3 0, prototype oil shale development could have a significant im-
pact on water quality at both the local and regional level. At EOn 
(or with BPT or BAT for that matter) any oil shale operation could 
also have a considerable impact on the surrounding terrestrial 
environment. This impact will be exerted within a semiarid en-
vironment on surroundings that are sensitive to disturbance and 
which take many years to recover, assuming recovery is possible. 
Many unknowns exist here, and additional study regarding tech-
niques for minimizing impacts are needed. 
Coal gasification. Table 31 indicates some of the impacts 
associated with coal gasification. Current literature indicates 
rather minimal impacts on local and regional water quality, with 
minimal to considerable impact on the surrounding terrestrial 
environment at EOD. Because of the semiarid setting within which 
these activities will be developed, it is imperative that careful 
thought be given to any procedure involving pollutant transfers. 
Sewage systems. Data for this general category, shown in 
Table 32, indicates that the impact at EOD on the terrestial environ-
ment would range from minimal to considerable. In essence the 
pollutant transfer mechanism becomes one of land utilization, pri-
marily for sludge disposal. Land utilization is complicated by the 
public's psychological objections, unfamiliarity with sludge use 
constraints, odor, weather, cropping system, pathogens, and 
excessive amounts of nitrogen, phosphorus, salts, and trace 
elements. Techniques for disposal include irrigation injection, 
land spreading, trenching, composting, and heat drying. There-
fore, regardless of the process involved in eventually eliminating 
discharge (EOD), careful planning is needed. This is particularly 
true when potentially toxic substances such as cadmium, DDT, 
lead, m.ercury, phenols, sulfates, acetone, acetylene, ammonia, 
ethylene, and some 9, 000 possible synthetic organic compounds 
are included in the disposal process. 
Pinyon-Juniper chaining and prescribed burning. Tables 33 
and 34 contain information regarding impacts of two common land 
m.anagement practices within the basin. As can be seen, the im-
pacts would be m.inimal, prinlarily due to the srnall acreages in-
volved at anyone time. 
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Table 30. Environm.ental e£fe ct s of prototype oil shale leasing program. and the relation of 
these effects to im.pacts (at the local and regional level) on the water resource and, 
conversely, on the surrounding terrestrial environm.ent under conditions of EOD 
to the river system.3Y 
Those Effects Relative Magnitude Relative Magnitude 
Directly of Impac t on Local of impact on Total Water gualit~ Parameters Affected 
impacting Water Supplies Basin Water 
Quality Supplies Heavy 
of Water BPT BAT EOD BPT BAT EOD Salinit~ DO Metals Nutrients Sediment 
Vegetation destructio~/ 
* 
M-C M-C M M-C M M K X 
Oil spillage 
* 
M-C M-C M M M M X 
Land erosion 
* 
M-C M-C M M-C M M X X 
Waste discharge1/ 
* 
M-C M-C M M-C M M X K X 
in situ yield of organic 
and inorganic contaminants 
to ground water 
* " 
C M M-C M-C M X 
1/ M = Minimal, C = Considerable, BFT = Best Prac able Technology, BAT = Best Available Technology, EOD = Elimination of Discharge 
£/ Assumes existing vegetation will be essentially Liminated from all land surface allocated to surface facilities, overburden storage, 
stockpiling, borrow areas, and waste disposal. 
]/ Possible waste discharge necessitated by the breakdown of waste treatment or disposal facilities. 
Impact on 
Surrounding 
Terrestrial 
Environment 
at EOD 
C 
C 
M-C 
M-C 
M 
I-' 
I-' 
v.> 
Table 31. Environlllental effects of coal gasification and the relation of these effects to 
illlpacts (at the local and regional level) on the water resource and, conversely, 
on the surrounding terrestrial environlllent under conditions of EOn to the 
river systelll.Y 
A. Physical Environment 
1-
2. 
3, 
Climate 
Water2/ Physi~graphyl/ 
B. Biological Environment 
4/ 1. Flora-
2. Fauna 
Those Effects 
Directly 
Impacting 
Quality 
of Water 
'" 
* 
* 
Relative Magnitude 
of Impact on Local 
Water Supplies 
BPT 
M-C 
M-C 
M-C 
BAT 
M 
M 
M-C 
EOD 
M 
M 
M 
Relative Magnitude 
of Impact on Total 
Basin Water 
Supplies 
BPT BAT EOD 
M 
M 
M 
M 
M 
M 
M 
M 
M 
Water Quality Parameters Affected 
Heavy 
Salinity DO Metals Nutrients Sediment 
x 
X 
X 
X 
X 
X 
1/ M ~ Minimal, C : Considerable, BPT = Best Practicable Technolo2v. BAT = Rp~~ Available Technolo2v. EOD = Elimin~tion of Discharge. 
~/ lncludes quantitv and disposition of surface water, quality (effect of river diversions on temperature, TDS, sediment, dissolved 
oxygen, sulfates, nutrients, heavy metals. pesticides. radioactivity and biological agents) considerations and storm runoff. 
1/ Includes soils. topography. 
~/ Includes destruction of natural vegetation. 
Impact on 
Surrounding 
Terrestrial 
Environment 
at EOD 
M 
M-C 
C 
C 
A. 
B. 
C. 
...... D . 
...... 
~ 
E. 
F. 
J,./ 
Table 32. EnvironITlental effects of sewage systeITls and the relation of the se effects to 
iITlpacts (at the local and regional level) on the water resource and, conversely, 
on the surrounding terrestrial environ.ment under conditions of EOn to the 
. 11 
rIve r systeITl.::...J 
Those Effects Relative Magnitude Relative Magnitude Impact on 
Directly of Impact on Local of Impact on Total Water Quality Parameters Affected Surrounding 
Impacting Water Supplies Basin Hater Terrestrial 
Quality Supplies Heavy Environment 
of Water BPT BAT EOD BPT BAT EOD Salinity DO Metals Nutrients Sediment at EOD 
Construction of new and 
replacement sewer line 
and pump stations * M M M M M M X 
M 
Aerated lagoons * M-C M-C M M M M X X X 
M-C 
Waste stabilization lagoons * M-C M-C M M M M X X X 
M-C 
Direct surface water discharge * C C M M-C M M X X X 
M-C 
Spray Irrigation * M-C M M M M M X 
M-C 
Tertiary treatment * i~~~-C M M M M M 
X M 
H Minimal, C Considerable, BPT Best Practicable Technology, BAT Best Available Technology, EOn Elimination of Discharge. 
I-' 
I-' 
lJ1 
Table 33. Environmental effects of pinyon-juniper chaining and the relation of these effects 
to impacts (at the local and regional level) on the water resource and, conversely, 
on the surrounding terrestrial environment under conditions of EOn to the river 
1/ system.-
Effects of chaining on: 
A. Air 
B. Climate 
C. Soil~1 
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D. Vegetation -
E. ·Water ~I 
F. Esthetics 
G. Sound and Smell 
H. Human Heal th 
1. Social-Economic Values 
Those Effects 
Directly 
Impacting 
Quality 
of Water 
* 
* 
* 
Relative Magnitude 
of Impact on Local 
Water Supplies 
BPT BAT EOD 
M M M 
M M M 
M M M 
Relative Magnitude 
of Impact on Total 
Basin Water 
Supplies 
BPT BAT EOD 
M M M 
M M M 
M M M 
Impact on 
Water Quality Parameters Affected Surrounding 
Terrestrial 
Heavy Environment 
Salinity DO Metals Nutrients Sediment at EOD 
X X M 
X X M 
X X M 
11 M = Minimal, BPT ; Best Practicable Technolo~v. BAT = Best Available Technology, EOD = Elimination of Discharge. 
~I Refers to mechanical disturbance of the surface soils. 
11 Refers to removal of the trees and establishment of grasses, shrubs and forbs. 
~I Refers to altered runoff quantities. 
..... 
..... 
0' 
Table 34. Environlllental effects of pre scribed burning and the reiation of these effects to 
illlpacts (at the local and regional level) on the water resource and, conversely, 
on the surrounding terrestrial environlllent under conditions of EOD to the river 
systelll. JJ 
Those Effects 
Directly 
Impacting 
Quality 
of Water 
Relative Magnitude 
of Impact on Local 
Water Supplies 
BPT BAT EOD 
Relative Magnitude 
of Impact on Total 
Basin Water 
Supplies 
BPT BAT EOD 
Impact of 
Water Quality Parameters Affected Surrounding 
Terrestrial 
Heavy Environment 
Salinity DO Metals Nutrients Sediment at EOD 
Effect vf prescribed burning on: 
):/ 
1/ 
1/ 
Y 
A. Air 
B. saHli * M M M M M M 
C. waterJ-I * M M M M M M 
D • vegetation!!..! * M M M M M M 
E. Wildlife 
F. Livestock 
G. Esthetics 
H. Human Health 
1. Social and Economic 
M = Minimal, BPT = Best Practicable TechnoloRv. BAT = Best Available Technology, EOD • Elimination of Discharge 
Refers primarily to increased nutrient availability and influence on soil stability. 
Refers primarily to increased water yields. 
Refers to initial elimination of plant cover and eventual recovery. 
X X M 
X X M 
X X M 
Additional Impacts 
Numerous other activities within the basin are not included 
in the above tables. However, some of these activities and their 
relation to water quality are discussed below. 
Deep-well injection. Deep -well injection has long been im-
portant in water-pollution control, primarily for the disposal of 
oil- field brine brought to the surface during the production of oil 
and gas. In recent years, however, injection wells have been 
used more corn.monly for the permanent underground storage of 
various industrial wastes as well as for disposal of radioactive 
wastes, wastes from saline-water conversion plants, and wastes 
from advanced waste-treatment plants. Most of these techniques 
are not currently used significantly within the basin. Should this 
technique become more widespread and criteria for site suitability, 
waste characteristics, economics and legal considerations are 
formulated and met, it is assumed that there would be minimal 
impact on the surrounding terre strial environment. 
Chemical industrie s. The chemical industry is characterized 
by its great diversity in chemical products, processes and wastes. 
The large number of commercial chemicals and the diversity of 
their effect on water make it impractical to generalize for the en-
tire chemical industry. The waste from a chemical plant may be 
inorganic, organic, insoluble, soluble, inert, toxic or any com-
bination thereof. Disposal of chemical wastes presents a complex 
problem and the potential exists for a considerable impact on the 
aquatic terrestrial ecosystems. 
Pulp and paper industry. Five classifications cover the 
pollutional characteristics of pulp and paper mill waste--l) sus-
pended solids; 2) soluble organics; 3) aesthetic pollution; 4) pollu-
tion toxic to aquatic life (primarily crude soap); and 5) soluble 
inorganics. The kraft pulping process employs elaborate facilities 
for the destruction of most of the organic material and the recovery 
of chemicals. This has not been the situation for the sulfite mills 
which have, until quite recently, discharged the cooking liquors 
and wash water to the receiving stream. 
Food industries. In general, the food processing industry 
has a raw waste effluent before treatment that is extremely high 
in soluble organic matter. In most cases the waste from food pro-
cessing plants is amenable to biological treatment. The amounts 
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of waste and the quantity of organics and solids discharged from 
processing operations depend a great deal upon the type of in-
dividual processing steps and water use and reuse in each plant 
as shown in the examples in the following paragraphs. 
The canning industry is faced with disposal of two types of 
waste--solid waste and liquid waste. Solid waste can be consider-
able. As an example, tomato waste solids may reach 15 percent 
to 30 percent of the total quantity of product processes. Peaches 
and pears canhave a solids content representing 20 percent to 40 
percent. Peas and corn can be in excess of 75 percent. The dis-
posal of solid waste and liquid waste is entirely different, and 
wherever possible the solid waste should be kept out of the water. 
Although solid waste can be a major problem to the canner, the 
liquid waste generally represents the most critical disposal pro-
blem. 
Poultry processing plants vary in size from approxilnately 
50,000 birds per day to an excess of a quarter million birds per 
day. Basic poultry operations consist of receiving and storing, 
killing, defeathering, evisceration, packing, and freezing. 
There is a major concern about waste from the feedlot, the 
stockyard, the slaughterhouse, and the packing house. All these 
wastes are largely organic in character and normally are highly 
putrescent and malodorous. None of these wastes can be dis-
charged directly to a stream without treatment, as they will cause 
a rapid depletion of the dis solved oxygen. Nutrients can lead to 
eutrophication problems. 
In the dairy industry most plants consist of several opera-
tions and the types of waste vary accordingly. Among these opera-
tions there may be receiving stations, bottling plants, creameries, 
ice cream plants, chee se plants and condensed and dry milk pro-
duct plants. Because of the method of processing and the products 
which are produced, there are at times, with various operations, 
surpluses of separated milk, buttermilk or whey as well as 
occasional batches of sour milk which may be dumped as shock 
loads. 
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CHAPTER 8 
PROJECTION OF FUTURE WATER QUALITY AND 
QUANTITY AND ;RELATION TO STATE STANDARDS 
SCOPE OF MODEL STUDIES 
As described in Chapters Sand 6 the studies of projected 
waste loads on the tributaries of the Green River in the study 
area were assessed relative to years specified by requirements 
of PL 92 -SOO. Conversations with state officials having juris-
diction in the study area indicate that the deadline on these dates 
will be achieved and that requirements of the Act will be met if 
not exceeded. Thus, the alternative futures utilized for assess-
ing the impacts of PL 92-S00 on water quality all refer to actual 
projected conditions with the population described. In presenta-
tion of the model output, figures showing calibration results will 
be shown and then the proj ected effects on water quality para-
meters for the given dates and effluent limitations. 
The water quality parameters discussed in detail will be 
DO, BOD, (CBOD), suspended solids, and total coliforms. 
Other water quality parameters will not be discus sed for the 
following reasons: 1) temperature will not be affected measur-
ably by waste effluents or by projected depletions for municipal 
WWTP; water diversions, dams, and water depletions as a re-
sult of energy development and mining will have the biggest im-
pact on water temperatures; 2) salinity is discussed in specific 
reaches and the entire Colorado River elsewhere (UWRL, 1975b 
Parts One and Two); 3) toxic substances, and nutrients, sur-
factants, pesticides, other dissolved gases than oxygen are all 
discussed only generally in other sections because of study 
constraints. 
CALIBRA TION OF MODEL 
As can be seen in Figures 29, 30, 31, and 32, the cali-
bration between predicted and me asured values for DO, CBOD, 
coliforms, and suspended solids was adequate. Considerable 
difficulty aros e in calibration due to the few check points a vail-
able (nine) in the basin during August, (the critical flow period), 
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Figure 29. Comparison between predicted and measured DO 
concentrations. 
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Figure 30. Comparison between predicted and measured BODS 
concentrations. 
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Figure 31. Comparison between predicted and measured coliform 
concentrations (MPN /100 ml). 
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Figure 32. Comparison betw'een predicted and measured sus-
pended solid (55) concentration. 
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the lack of good data on the water quality parameters and the 
relative inadequacy of flow data (Appendix A). However, based 
on experience with streams in the study area and elsewhere in 
the intermountain region it is felt that the data and the model as 
developed represent a reasonable estimate of the water inter-
actions in the study area. 
PROJECTED EFFECTS OF PL 92-500 
ON WATER QUALITY 
In obtaining those results, the calibrated model was util-
ized and changes in flow and loadings for the six communities 
were made as shown previously in Table 21. Values are plot-
ted for the different alternate futures (Table 20) only for the 
first downstream checkpoint because the effluent loads most 
likely have greatest impact at that point. The alternate futures 
shown are 1977 (OBERS, BPT), 1983 (OBERS, BAT), 1983 
(high energy, BAT), 1985 (EOD), 2000 (high energy, PBT), 
2000 (high energy, BAT). Other combinations would have es-
sentially the same effect as these alternate futures. 
Oxygen 
As can be seen, no significant impacts from the munic-
ipal effluents on dissolved oxygen (DO) could be observed 
(Figure 33). Essentially BOD and NH4 discharges had no 
rneasureable effect, on DO. Thus, even at high energy devel-
opment when BOD loads might be expected to increase, re-
aeration was adequate to replace the oxygen used in degrading 
the BOD before reaching the downstream checkpoint. No 
violations of stream water quality standards of Utah (6mg/l) 
or EPA (5. 5 mg/I) were observed. 
Because of increased loadings in a stream with minimal 
flow as a result of population increase due to energy develop-
ment, measurable degradation without violation of standards of 
DO in Ashley Creek by the Vernal WWTP would occur in the 
year 2000 if only BPT or BA T were instituted. EOD or mini-
mal population increase would maintain the situation as if PL 92-
500 had not been instituted. Other towns did not show such 
effects. 
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Figure 33. Effects of treat.ment with alternate futures on dis-
solved oxygen concentrations in study area streams. 
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Essentially no impacts on BOD5 concentrations were ob-
served from the Duchesne or the White River corn.rn.unities 
(Figure 34). BOD concentrations below Price are already high 
and would be decreased by implementation of BPT and BAT 
(Figure 35). BAT will have an impact downstream of Vernal 
(Figure 35); however, effluent quality of Vernal is already with-
in BPT value. The long range impacts of whether BPT or BAT 
are utilized indicate a probable BOD problem in 2000 if popula-
taion increase due to energy development occurs. Vernal dis-
charges into Ashley Creek which has little dilution capacity. 
Thus, it would be expected that violation of the Utah BOD5 
stream standard (5 mg/l) might occur by the year 2000. This 
shows the need to consider dilution and the pos sible effects of 
continued diversions and water depletions in the study area. 
Coliforms 
Significant variation in total coliforms occurred between 
the different sites (Figures 36). In the Duchesne, White, and 
Ashley Creeks, coliforms are less than Utah stream standards 
and no significant impacts of the waste effluents could be seen 
except for BPT in the year 2000 as loading due to population 
increase caused a slight increase. In the Price, the coliform 
concentrations exceed standards upstream of the WWTP dis-
charge but the Price WWTP effluent has little relative impact 
on the streaITl concentrations. Thus, more chlorination of ef-
fluent would have little impact. Upstream activities including 
significant but sITlall feedlots and dairy operations plus the op-
eration of an aniITlal by-products industry probably are respon-
sible for the violation of the streaITl standards. NPDES permits 
(Table 18) were not issued for any wastewater sources in the 
iITlITlediate area except Carbon-Emery By-products into Drunk ... 
ards Wash (L 031 in Figure 38). Use of the stream water as a 
direct culinary water source is precluded as a result of the 
observed coliform concentrations. 
Suspended Solids (SS) 
As can be seen in Figure 37, little impact of treatment 
occurred with respect to SSe This occurs primarily because 
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Figure 34. Effects of treatment with alternate futures on BODS 
in the Duchesne and White Rivers. 
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Figure 3S. Effects of treat.ment with alternate futures on BODS 
in Ashley Creek and the Price River. 
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Figure 38. Present and projected areas of concern in the 
study strea.ms. 
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there is a naturally high level of SS in the study area streams 
and throughout the Colorado River Basin; the color due to the 
roily turbid waters is one of the features for which the river is 
noted. The White River has the highest natural sediment load 
(about 230 mg/1), the Price River has less than 75 mg/1 SS, 
while the other streams have less than 30 mg/1 SSe No stream 
standards exist for suspended solids; natural and/ or disturbed 
vegetation areas have the major impacts on stream SS loads; 
thus, more detailed analysis of this problem needs to be per-
formed than current data allow. 
WATER QUALITY STANDARDS VIOLATIONS 
As stated in the above paragraphs, stream standards were 
exceeded in very few cases. Present and projected water qual-
ity problems are identified in Figure 38 showing specific areas 
of concern. Although waste treatment at point sources can have 
some impact in improving the water quality; questions of stream 
flow, land uses, and non-point sources are of greater concern. 
REFERENCES 
Utah Water Research Laboratory. 1975b. Colorado River regional 
assessm.ent study. Final Report for the National Com.rnission 
on Water Quality. Utah State University. Logan, Utah. 
Parts One, Two, Three, and Four. 
132 
CHAPTER 9 
BIOLOGICAL, ECOLOGICAL, AND ENVIRONMENTAL 
CHARACTERISTICS OF THE GREEN RIVER REACH 
STUDY AREA AND THE COLORADO RIVER BASIN 
INTRODUCTION 
yrater Quality Related 
EnvironInental ProbleIns 
Water quality related environInental probleIns refer to 
those paraIneters which affect the aquatic and shoreline eco-
systeIn. Thus, water quality paraIneters are analyzed and 
then, in turn, the cOITlITlunity of organisIns which inhabits the 
ecosysteIn and which respond to water quality paraIneters are 
analyzed (Parker and ArInstrong, 1974). The principal water 
quality paraIneters of interest in the Colorado River Basin were 
described in Chapter 3 and in Part Two (UWRL, 1975b). They 
are: salinity, dissolved oxygen (a function of saturation DO, 
BOD, NH4 +, photosynthesis), heavy Inetals, and nutrients 
(algal bloOIns are a function of photosynthesis which in turn is 
a function of nutrient loading; other factors Inust als 0 be con-
sidered- -light, turbidity, teInperature, Inixing, predation). 
Trophic levels vis -a -vis food chains would include the priInary 
producers (algae, aquatic vascular plants, and shoreline and 
wash vegetation)and herbivores and carnivores (benthic insects 
and fish). The terrestrial cOInponent of the Colorado River 
Basin is largely Inade up of open range, desert and SOIne for-
ests. These lands have a large iInpact on the Colorado River 
ecosysteIn. In addition, the allochthonous input of organic 
Inatter froIn the terrestrial ecosysteIn frequently supports the 
higher organisIns in the aquatic food chain. 
The principal water quality probleIn of the Colorado River 
Basin is salinity and this is so dOIninant, it overshadows Inost 
other water quality considerations. However, in specific areas 
there are other factors which have a significant iInpact albeit 
liInited geographically. 
133 
Problems associated with analyzing the environmental 
characteristics of the Colorado River Basin can be broadly cat-
egorized into three areas: 1) effects caused by water resource 
management (dams, hydroelectric power, flow control, inter-
and intra-basin diversions), 2) effects caused by the introduc-
tion of alien floral and faunal species and other changes in the 
biotic community; these changes are often related to the water 
resources management controls above, and 3) the lack of 
good quantitative biological data throughout the basin. 
Data Sources and Limitations 
Very few comprehensive studies within the Colorado River 
Basin have been performed and none of these over the entire 
basin. Usually a study of only water quality or fish populations 
or only invertebrate populations is conducted. W. L. Minckley 
has indicated there is a lack of benthic invertebrate information 
in the Lower Colorado (personal communication, 1975). The 
rnost comprehensive studies have been the Lake Powell project 
(NSF funded, Orson Anderson, UCLA, project leader), the 
series of studies in the Gila River Basin by W. L. Minckley of 
Arizona State University, and the work by Holden and Stalnaker 
(Cooperative Fishery Unit, Utah State University) on the fishes of 
the Middle and Upper Colorado River Basins. These studies 
have attempted to assess distribution and abundance of basin 
fishes, water quality characteristics, primary productivity, 
and to characterize in s orne detail the trophic levels in each 
specific ecosystem. 
Historical Condit ions 
The Colorado River is not now the same as the river 
John Wesley Powell floated. Thus, there is no historical con-
text which is valid for comparison to the present condition of 
the Colorado River. There are several reasons for this state-
lllent but the most obvious factor is the development of reser-
voirs in the basin (Table 35). Particularly Flaming Gorge, 
Glen Canyon Darn (Lake Powell), and Hoover Darn (Lake Mead), 
the variable flows and velocities of the river have been sharply 
altered. Although earlier reservoir construction plans would 
have resulted in significantly greater changes than have pres-
ently occurred in the river (USDI, 1946), the consequences of 
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Table 35. Estimate of habitat change due to major reservoir 
construction in principal reaches of the Colorado 
River. 
Miles 
Reservoir 
length 
Colorado - Mainstr eam 
(Mexican border to headwaters) 
Laguna Dam 5 
Imperial Dam 30 
Lake Havasu 80 
Lake Mohave 65 
Lake Mead 105 
Lake Powell 175 
Green River 
Flaming Gorge 50 
Fontenelle 15 
Gunnison 
Blue Mesa Reservoir and 
Morrow Point Reservoir 40 
San Juan 
Navajo Reservoir 35 
Gila 
Painted Rock 25 
San Carlos 25 
Roosevelt 30 
Horse Shoe 10 
Barlett 15 
Lake Pleasant 10 
700 
3200 = .22; 22% of maj or reaches of 
river system dam.m.ed. 
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River 
length 
1440 
500 
130 
370 
805 
constructing the present dams have been to reduce the silt-
carrying capacity, reduce flows downstream, increase salt con-
centrations (from increased evaporation), change the types and 
quantities of biota resident in the river, change recreational 
potential (amount of use and type of use), and lead to increased 
development of agriculture, industry, recreation, mining and 
energy development, and urbanization. Inclusion of the set of 
reservoirs on the Gila River and its tributaries is somewhat 
misleading (Table 35) because the Gila is so greatly affected by 
reservoir water diversions that no flow reaches the Colorado 
River and it is dry west of Phoenix most of the time. Many, if 
not all, of these effects have had an influence on the maintenance 
and distribution of native biota in the aquatic system (see section 
on fish in this chapter). At this time these effects and how they 
are compounded by interactions with other environmental changes 
are poorly understood. 
Many species of fish and some macroinvertebrates have 
been introduced into the Colorado River system, some deliber-
ately (e. g., state and federal hatchery systems) and others 
through accidental means. These fish and other introduced or-
ganisms may have ecological niches similar to the n.atural organ-
isms or are more tolerant to changed or changing conditions than 
native species. For various reasons such as physical changes in 
the river, niche competition, greater tolerance to poorer quality 
water, changes in the food web, predation, and hybridization, 
some of the introduced species have replaced or reduced native 
fish populations. Exan1.ples from the intermountain region in-
clude rainbow trout and the brown trout, which were introduced 
early to the intermountain area region. (ca. 1890, 1880, respec-
tively). In suitable habitats these fish usually replace native 
cutthroat trout and in the case of the rainbow will hybridize 
with cutthroats. The rainbow trout and brown trout are not in 
themselves indicators of pollution, but are com.petitors that 
have m.ore general niche requirements. However, brown trout 
are more tolerant of degraded conditions and could tolerate ad-
verse conditions better than native species. Perhaps the most 
dramatic example of native species reduction is in the Lower 
Basin (Miller, 1961). At least six and possibly seven fish spe-
cies are extinct and a minimum of 13 others have disappeared 
locally and are in danger of being exterminated as a species 
(Tables 36, 37, and 38). 
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Table 36. A century of the fauna in the Colorado and Gila Rivers 
near YUllla, Arizona. a 
Parentheses around a cross indicate that the species, although not reported 
or taken, W88 probably present. R - rare. Collections from Gila River were 
made at its mouth and 8 to 10 miles above (at or near Dome). 
Species 1854 18~ 1904' 1926 1940- 1950-95 42 55 
Native species: 
Elop. aJlini • ......................... 
Gila robUBta elegan.8* . . . . . . . . . . . . . . . .. X X 
PtychocheilUB luciU8................... X X 
Plagopterua argenti88imU8 . . . . . . . . . . .. (X) X 
CGto8tomUB latipinni8. . . . . . . . . . . . . . .. (X) 
X yrauchen texanU8. . . . . . . . . . . . . . . . . . . X X 
Cyprinodon maculariUB. . . . . . . . . . . . . .. (X) X 
PoeciliopsiB occidentalis. . . . . . . . . . . . .. (X) X 
Mugil cephalU8 ..................... .. 
Introduced species: 
Doro8oma peteneme ................. . 
CyprinUB carpio. . . . . . . . . . . . . . . . . . . . . X 
N otropi8 lutren.8is . .................. . 
I ctalurU8 punctatus . ................. . 
I. mela. . ........................... . 
I. nataliB . ........................... . 
GambU8ia a. affi,ni8 . ................. . 
MicropterU8 salmoide8 . .............. . 
Lepomis cyanellus . .................. . 
L. macrochirU8 .... .................. . 
PomoXi8 spp. (2) .................... . 
Total species: 
Native. ........................... 7 6 
Exotic............................. 0 1 
X X 
X X 
X X 
(X) X 
(X) X 
X X 
X X 
X 
X 
5 5 
2 4 
X X 
R 
R 
R 
X )( 
X 
X X 
X 
X X 
X. X 
X X 
X X 
X X 
X X 
X X 
X X 
5 2 
10 12 
• Gila r. robmta was taken at Dome (Gila River) during 1892-94. 
aTaken from Miller (1961). 
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Table 37. Changing fish fauna of San Pedro 
Ri~.-er, between Benson and Fair-
bank, Arizona, 1846 - 19 5 o.~:~a 
R - rare. 
Species 1846- 1904 1939 1950 1854 
Native species: 
Gila robusta . .................... X X 
Ptychocheilus lucius . ............. X 
Rhinichthys o8culus .............. X R 
Ag08ia chrysogaster . ............. X X X X 
Tiaroga cobitis . .................. X X X X 
Meda. fulgida . ................... X X X X 
Catostomus imignis . ............. X X X 
C. latipinnis . .................... X 
Pantoateus clarki . ................ X. X X 
lrgrauchen texanus ............... X 
CyprinodCJn macularius . .......... X 
Introduced species: 
I CtalUTUS melas. . ................ X 
Lepomis cyanellus . ............... X 
Total species: 
Native ........................ 11 7 5 3 
Exotic ........................ 0 0 2 0 
• In 1959 (June) the river was dry, or damp only, in. this section but it 
was flowing farther upstream at Charleston (about 10 miles above Fairbank);. 
bere the river contained all the native fishes listed for 1939. 
aTaken from Miller (1961). 
Table 38. Modification of the fish fauna in the 
Salt River near Tempe, Arizona, 
1890-1944.a 
Parentheses indicat~ probable occurrence. 
Species April-May Sept. 11 1943-44* 1890 1926 
Native species: 
Agosia chrysogaster . .............. '" ..... . 
Gila robusta robusta........................ X 
G. Tobusta intermedia . .................... . 
G. robU8ta elegans......... ................. X 
Rhinichthys osculus . . . . . . . . . . . . . . . . . . . . . . . . X 
Meda fulgida. ............................. X 
PZagopteTus argentissimus . . . . . . . . . . . . . . . . . . X 
Catostomus imignis. . . . . . . . . . . . . . . . . . . . . . . . X 
C. latipinnis.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . X 
Pantosteus clarki. . . . . . . . . . . . . . . . . . . . . . . . . . X 
lr yrauchen texanus. . . . . . . . . . . . . . . . . . . . . . . . . X 
CyprinodCJn macularius. . . . . . . . . . . . . . . . . . . . . (X) 
PoecilioplJis occidental is . . . . . . . . . . . . . . . . . . . . X 
Introduced species: 
Cyprinus carpio . .......................... . 
lctalurus melas . .......................... . 
Gambusia a. affinis .. ...................... . 
Lepomis macrochirus . ..................... . 
L. cyanellus . ............................. . 
Pomoxis nigro~ulatus ................... . 
Total species: 11 
Native .................... , ..... '" . . .. . 0 
Exotic ................................. . 
X 
X 
X 
X 
X 
X 
X 
5 
2 
X 
X 
'X 
X 
X 
o 
5. 
'* These collections were made on December 1 and March 23, respectively, 
from a series of gravel pits in the river bed, which was otherwise dry. 
aTaken from Miller (1961). 
Whitefish are native Upper Basin fish, have relatively 
strict habitat requirements, and are good indicators of stream 
water quality conditions. However, they may be eliminated by 
flow decreases, channelization, and streambed manipulations 
which will have no direct effects on wat er quality, but elimin-
ate the natural habitat of the whitefish. 
Introduced species such as carp and channel catfish are 
ubiquitous in the main channels. Although such species have 
more generalized habitat requirements, they are not necessar-
ily indicators of polluted conditions. These exotics may compete 
with native species when environmental needs are in short supply 
or conditions exist which are critical to a stage in the life cycle. 
Also, adults of the native species may be able to survive but re-
productive success may be reduced or eliminated and the species 
may disappear after some lengthy interval of time (e. g., indi-
vidual life-span). 
Although documentary evidence is far from complete, it 
is clear that fish and invertebrate fauna in the Colorado River 
Basin have undergone dramatic alterations. Native species 
depletion and in some cases extinction is widespread through-
out the basin, resulting in large scale species replacement by 
exotic fauna. These faunal changes are perhaps best evidenced 
by the significant basin-wide increases in species diversity due 
to alien introductions in conjunction with the changing quality of 
water. 
Baseline Conditions 
Due to the scarcity of available quantitative data relative 
to aquatic organisms both in the selected study area and the 
entire Colorado River Basin, sources before 1973 will be util-
ized to help establish the structural and functional character-
istics of the system. 
Where investigations of aquatic flora and fauna have oc-
curred, each has been studied for a specific purpose without 
long term continuity or even overlap between studies. In mes t 
investigations seasonal fluctuations were not considered and 
certainly they are significant. 
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Much of the available data is qualitative (species composi-
tion, abundance lists) and very little quantitative data (biomas s, 
population density, food chain and trophic levels) exist at 
present. W. L. Minckley of the Lower Colorado River Basin 
Research Laboratory at Arizona State University, in referring 
to benthic organisms in the lower Basin, stated that, t'We simply 
have no quantitative data available at this time" (personal com-
munication, 1975)$ 
However, there are good in-depth investigations currently 
being conducted by Anderson (NSF funded project on Lake Powell) 
and W. L. Minckley of Arizona State (investigating the water 
chemistry and biology of the Lower Basin). Holden and Stalnaker, 
Utah State University, have extensively studied the fish biology of 
the Upper Basin. The Utah Cooperative Fj sh Unit (Utah State 
University) is continuing the study. Thus, little is known at this 
time relative to true baseline conditions involving the structural 
and functional characteristics of aquatic and related terrestrial 
ecosystems. However, an attempt will be made to use existing 
data to implement the baseline. 
ECOSYSTEMS 
Terrestria,l. Ecosy'stem 
(Appendix C contains species lists of plants, amphibians, 
reptiles, birds, and mammals occurring in sections of the 
Colorado River Basin. ) 
Figure 39 displays the major vegetation types occurring 
in the Colorado River Basin. These lands use patterns (Figure 
39), are affected by elevation, climate, industry, and agricul-
tural uses, as well as the natural history and political-cultural 
developments in the region. Land uses affect water quality 
1) as runoff enters streams, 2) from human habitation and 
related activities, 3)· recreational pursuits, and 4) agricul-
tural uses, and industrial-mining-energy activities. Salinity, 
nutrients, sediments, BOD and coliforms, heavy metals, and 
toxic organics all result from these activities and certain prob-
lem areas in the basin can be linked with quality parameters 
which are affected by the activities. As described in Chapter 7, 
land activity generated pollutants as well as transfer of pollutants 
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Figure 39. Land use in the Colorado. 
141 
w 
x 
.;NITED ,)TAT£s, 
O[PAR"'MENl or T"Hf INTERIOR 
BUREAU 0' IlECI..AMAT1 0h 
COLORADO RIVER BASIN 
QUALITY OF WATER MAP 
rkE~~--~ 
SC.Ad 0' WILES 
65- 400 ·70 
JUly I' 1961 
~E\l I SED SF'" ~ weEfi q"4 
from wa.ter to land could have significant impacts on environ-
mental quality in the basin. 
It is considered that PL 92-500 will have a minimum 
effect on the terrestrial ecosystem of the Colorado River Basin. 
Due to the sparse population density throughout the basin, flow 
of residuals to the river will be minimal and there will be few 
municipal treatment plants. Necessary treatment facilities 
will require little space and their impact on the ecosystem will 
be small (Part Two, UWRL, 1975b). 
Impacts of major importance ultimately involving PL 92-
500 are those of future programs associated with large scale 
mining and energy development which could deteriorate the 
ecosystem, for example, through increased exposed soil for 
leaching by runoff, interference with aesthetic values, hence 
recreation and possibly with migratory routes of wildlife. 
Aquatic Ecosystems 
Little is known concerning the dynamics of aquatic organ-
isms in the Colorado River Basin. An attempt will be made to 
focus on investigations in the study area of the Green River and 
then to expand to include data in other reaches of the Colorado 
River. 
Study ~rea invertebrates. Water quality parameters and 
macroinverte brate density in the Green River below Flaming 
Gorge Darn were studied by Pearson (1967). He indicated some 
water quality parameters changed with the completion of Flam-
iry; Gorge DaITl such as temperature which was reduced to 50 C -
6 C. The reduction occurs when water is drawn off the bottom 
of the reservoir. The concentration of suspended sediment at 
Jensen, Utah, before darn construction was 1529 ppm and was re-
duced to 925 ppm. after the darn was functional. With the reser-
voir acting as a siltation pond, the turbidity of the Green River 
was significantly reduced. Seasonal fluctuations of water flow 
have been reduced; however, daily fluctuations have increased. 
Pearson (1967) concluded that illumination, population 
density of other organisms, water temperature, turbidity, and 
water level fluctuations had important effects on drifting organ-
isms. Benthic macroinvertebrates were significantly affected 
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by bottom substrate. The substrate of canyon lands such as 
Island Park above Jensen, Utah, and Desolation Canyon below 
Jensen is gravel - rubble and it contained 47 species and 395 
organisms per square foot. Benthic-invertebrate density at 
Ouray, Utah, where the river gradient is 1. 6 ft/mile and the 
river substrate is fine sand-silt that is continuously shifting, 
is only 10-80 organisms per square foot. Shifting substrate is 
a significant natural problem in the Green River and Colorado 
River for benthic organisms which supply the food for fisheries. 
Frost et ale (1964) conducted a limnological study of the 
Colorado River near Moab, Utah, and stated that the establish-
ment of rooted plants is effectively precluded by the accumula-
tion and constant shifting of bottom substrate. Woodbury et al. (1959) 
studied the Colorado River in Glen Canyon and indicated the trib-
utaries were overwhelmingly more productive biologically than 
the river. He suggested the swift current and destructive abra-
sion of sediments carried by the river were not conducive to 
growth and development of benthic organisms. 
The macroinvertebrate fauna of the Green River between 
Flaming Gorge Dam and Ouray, Utah, in 1963-1965 consisted of 
69 different species, including 28 species of mayflies, four 
genera of stoneflies, s even genera of caddisflies, ten families 
of Diptera, and five families of Coleoptera. Pearson (1967) 
compared pre- and post-impoundment effects of Flaming Gorge 
Dam and concluded that the species composition of macroinver-
tebrates was not noticeably altered below Echo Park. This 
statement suggests that the dam had little or no effect on organ-
isms in the selected study area. More recent data indicates 
that the cold teITlperatures have significantly reduced inverte-
brates as well as the growth rate of fish in the area. 
There is a dearth of macroinverte brates in much of the 
study area of the Green River. However, allochthonous food 
materials are washed in from tributaries. The tributaries 
shown in Figure 2 do contribute allochthonous food materials 
to the Green River. 
The following sUffiITlary of the distribution of macroinverte-
brates in the Green River below Flaming Gorge Dam, 1963 -1965, 
was prepared by Pearson (1967)0 
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1. The installation of Flaming Gorge Darn on the Green 
River in northeastern Utah has greatly affected the river envi-
ronment. This study attempted to deterrnine what changes have 
occurred in the distribution and abundance of rnacroinvertebrate 
fauna on a 166-rnile section of the Green River between Flaming 
Gorge and Ouray, Utah, frorn September 1962 to September 
1965. 
2. Sampling effort was concentrated in the surnrners of 
1964 and 1965. Four major stations and 11 supplementary 
stations were employed. Samples of the invertebrate fauna 
were collected with a Hes s -Waters bottom sampler (194 sam-
ples), a 6 inch Ekman dredge (68 samples), an 11-1/2 inch 
diarneter drift net (394 samples), and several hand-screens 
and dipnets (58 samples). Environmental measurernents in-
cluded illurnination, water temperature, turbidity, water level, 
dissolved oxygen, depth, pH, alkalinity, current speed and 
substrate type. 
3. The installation of Flaming Gorge Darn has affected 
the following changes in the Green River below the darn: 
a" Reduced seasonal fluctuations in discharge. 
b. Increased daily fluctuations in discharge. 
c. Reduced summer water tremperatures and in-
creased winter water temperatures. 
d. Reduced turbidity. 
e. Increased daily fluctuation in dissolved oxygen. 
£. Increased concentration of rnost dissolved solids. 
g. Increased daily fluctuation in hydrogen-ion 
conc entration o 
4. Bottom fauna densities were highest (6, 347 per square 
foot) near the darn and decreased with increasing distance below 
the dam. Population densities near the darn were probably 
higher in 1964 and 1965 than in pre -irnpoundrnent years. Den-
sities below Carr Ranch were probably sirnilar in 1964 and 1965 
to pre -impoundment densities I» 
5. Nine forms of invertebrates reported from the area 
prior to September 1962 were not collected during this study 
while ten groups not previously reported were collected. The 
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species composition of the invertebrate fauna between the dam 
and Carr Ranch in 1964 and 1965 was considerably different 
from that reported prior to September 1962. Below Carr Ranch 
the invertebrate fauna was very similar to that reported prior 
to September 1962. 
6. Drift rates of Baetis sp. I and Simuliidae were high-
est near the dam and decreased with increasing distance below 
the dam. 
7. Illumination, population density of other organisms, 
and water temperature had significant effects on drift-net 
catches of Baetis sp. I and Simuliidae. Turbidity and water 
level fluctuations had important effects on drift -net catches 
under certain circumstances. Date, dissolved oxygen content 
of the water, and depth over the net had little effect on drift-net 
catches. 
Pearson (1967) also indicated the fauna of the Yampa 
River was very similar in composition to the Green River at 
Island Park, but the fauna of smaller tributaries was quite 
different in composition from the fauna of the Green River. 
Figure 40 shows the sampling locations on the Green 
River and Table 39 represents a summary of the distribution 
of the macroinvertebrates found by Pearson (1967). 
The White River Basin geomorphologically is composed 
of light grey to light bro\vn shale and marlstone with some sand-
stone and limestone. There are vast oil shale deposits within 
the basin. Ground cover consists of browse plants of desert 
types, grasses, juniper, and Douglas fir. 
The White River supports a cold water fishery in its 
headwaters which is above the 6, ODD-foot level and a warm 
water fishery in the lowlands. Everhart and May (1973) ob-
tained the following water quality parameters and macroinverte-
brate densities for the White River. The temperature range for 
the river is 00 - 23 °C. Table 40 lists the aquatic invertebrates 
found in the White River and Table 41 lists the fish taken from 
the White River. Table 42 shows the biomass of aquatic inverte-
brates from Piceance Creek which is a m?-jor tributary to the 
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Figure 40. Lpcation of sampling stations on the Green River, 
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Table 39. Summary of the distribution of bottom macroinvertebrates in the Green River 
below Flaming Gorge Darn, 1963-65. (From Pearson, 1967) 
Station Bottom Algae Organism Dominant Macro- Number of Type Diversity invertebrates Organisms/sq ft 
Little Hole rubble, sand and Cladophora on 26 kinds Olio chaeta, Chb ... 
(1, Figure 40) gravel rocks, abundant onomidae, Simuliidae, 1500 
growth Baetis sp I 
Carr Ranch shifting sand little attached 36 kinds Oligochaeta 2 to 126 
(5, Figure 40) substrate algae found Chi ronomida e o to 524 
Baetis sp IV o to 106 
Baetis sp I I o to 58 
Echo Park rubble, sand and abundant algal 37 kinds Baetis sp I 6 to 605 
(9, Figure 40) gravel growth Hydropsyche o to 166 
Chironomidae 4 to 71 
Isoperla o to 41 
Island Park rubble, mostly little green 47 kinds Chironomidae 2 to 367 
(10, Figure 40) gravel algae Baetis sp I o to 171 
Ephemerella ~ o to 77 
Cheumatopsyche o to 27 
Problems 
Encountered 
cold water from 
dam 
shifting bottom 
erosion, high 
turbidity 
turbid water, steep 
gradient, seasonal 
water level nuctua-
tions. bank erosion 
Table 40. Aquatic invertebrates recorded from White River. 
(Everhart and May, 1973) 
ORDER EPHFMEROPTERA 
(Mayflies) 
Family Baetidae 
Ephemerella 
Ameletus 
Bactis 
ORDER DIPTERA 
(Flies) 
Family Tipulidae 
Tipula 
Hexatoma 
Family Tetanoceridae 
Family Ephydridae 
Family Chironomidae 
Family Simuliidae 
Family Anthomyiidae 
Family Ceratopogonidae 
Family Rhadionidae 
Atherix 
ORDER TRICHOPTERA 
(Caddis flies) 
Family Limnephilidae 
Hesperophylax 
Family Hydropsychidae 
Hydropsyche 
Family Hydroptilidae 
Hydroptila 
ORDER PLECOPTERA 
(stone flies) 
Family Perlodidae 
Isoperla 
Family Taeniopterygidae 
Brachyptera 
ORDER COLEOPTERA 
Family Halipidae 
Halipus 
Brychius 
Family Elmidae 
Limnius 
Lara 
Family Dytiscidae 
Hydrovatus 
ORDER PLESIOPORA 
Family Tubificidae 
SUBORDER ODONATA · 
Family Aeschnidae 
Family Coenagrionidae 
Ischnura 
Family Gomphidae 
Ophiogomphus 
ORDER AHPHIPODA 
Family Talitridae 
Hyalella 
ORDER PULMONATA 
Family Planorbidae 
Gyraulus 
Paraphalyx 
Family Lymnaeidae 
Lymnea 
ORDER HIRUDINEA 
Family Rhynochobdellida 
Table 41. Fish sampled from White River. (Everhart & May, 1973) 
Specific Name 
Catostomus latipinnis 
Catostomus platyrhynchus 
Cottus bairdi 
Gila elegans 
Ictalurus melas 
Ictalurus punctatus 
Notropis lutrensis 
Prosopium williamsoni 
Ptychocheilus lucius 
Rhinichthys osculus 
Salmo trutta 
Salmo gairdneri 
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Common Name 
Flannelmouth sucker 
Mountain sucker 
Mottled sculpin 
Bony tail chub 
Black bullhead 
Channel catfish 
Red shiner 
Mountain whitefish 
Colorado squawfish 
Speckled dace 
Brown trout 
Rainbow trout 
Table 42. Biomass. (mg. V\et weight) of aquatic invertebrates froITl 
stations! on Piceance Creek. (December, 1968 to De-
cember, 1969). (Everhart & May, 1973) 
Month Stations 
I II IV v 
December (1968) 2,766 26 34 
January (1969) 10,646 3,414 711 64 
February 2,253 334 86 21 
March 743 4,851 2,457 86 
April 1,196 140 86 
May 2,037 1-83 107 194 
June 3,826 44,003 16,525 21 
July 5,001 14,865 1,670 
August 1,185 3,158 366 743 
September 3,913 6,123 10 
October 636 9,862 2,630 
November 10,456 10,941 474 14 
December 1,894 4,117 937 571 
1 Station III wa$ not sampled. 
I Spring origin of Piceance Creek 
II 2. 8 km below Station I Piceance Creek 
IV 24 km above Confluence of Piceance Creek and White River 
V 1 km above Confluence of Piceance Creek and White River 
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White River. Everhart and May (1973) indicated that water 
level fluctuation was the major influence on invertebrate pop-
ulations and the chemical composition of the streams within 
the White River Basin. 
Big Brush Creek, a tributary of Green River near Jensen, 
Utah, was studied as part of the Central Utah proj ect by Allred 
et ale (1973). This study lists the species of plants, 158 species 
of birds, mammals, and aquatic organisms (46 species) found in 
the area (Table 43). The study als 0 indicated an erosion prob-
lem due to strip-mining as altering the stream course. The up-
stream stations were fairly stable with a granite -rubble sub-
strate and a diverse conununity of benthic organisms necessary 
for a trout fishery. The downstream stations had a silt sub-
strate indicative of burrowing forms and unfavorable for a trout 
fishery. 
Some work has been done on the Duchesne River but will 
not be included here except for an aquatic species list (Table 44) 
of the area (Personal Communication, Robert Winget, BYU, 
1975). 
The 303e study performed for the State of Utah includes 
invertebrate samples and an analysis of stream habitat effects 
(State of Utah, 1974). 
The uppermost reaches of Illany streaIllS have rocky or 
cobble beds which provide a suitable habitat for nUIller-
ous bOttOIll dwelling organisIlls as well as a spawning 
ground for fish. Plana ria , stone fly num.phs, Illayfly 
nYIllphs, and fly larvae ar e typical of the or ganisIlls 
which Illay be found aIllong rocks exposed to the current. 
The turbulence caused by a rocky bed creates a high 
reaeration rate in shallow streams. The deeper a 
stream is, the less effect the bottom has on reaeration. 
The bOttOIll fauna inventory presented '(Table 45) expre~ ses 
aquatic habitat conditions for several stream. reaches in 
the study area. These investigations were perforIlled by 
the Utah Division of Wildlife Resources for the purpose of 
fisheries clas sification. 
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Table 43. Number of invertebrate organisms per square meter 
of stream bottom at five stations on Brush Creek and 
one station on Little Brush Creek, November 28 and 
29, 1 972. (All red e t al., 1 97 3 ) 
Station 1 and no. organisITls 
OrganisITl 
I 2 13 15 16 
ChironoTIlidae 3,239 2,838 1,636 5,275 16,229 
(Midges) 
EpheIneroptera 11,825 5,533 1,642 573 1,233 
(Mayflies) 
Plecoptera 229 702 380 645 10 
(Stoneflies) 
Trichoptera 10,549 1,906 217 631 1,123 
Caddisflies) 
Others 1,090 2,322 797 7,811 2,490 
Total 26,932 13,301 4,672 14,935 21,085 
18 
3,675 
36 
o 
214 
2,596 
6, 521 
1 Refer to pages 1 to 4 for station descriptions and locations. 
1. Big Brush Creek - 2.8 km from Confluence with Green River 
2. Big Brush Creek - 200 meters from Conf luence with Green River 
13. Big Brush Creek as it crosses U-44 
15 0 Big Brush Creek - • 4 km below Tyzack Reservoir 
16. Little Brush Creek near confluence with Big Brush Creek. 
18. Big Brush Creek as it crosses U-149 
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Table 44. Duchesne River species List (Winget, unpublished, BYU, 1975). 
Unless indicated all collections' 
were from Duchesne County. 
Phylum Annelida 
Class Oligochaeta 
Phylum Arthropoda. 
Class Arachnida 
Order Acarina (1.vater Hites) 
Class Crustacea 
Subclass Ostracoda 
Class Insecta 
Order Ephemeroptera 
Family Heptageniidae 
Heptagenia solitaria MCDunnough 
Heptagenia -elegantula (Eaton) 
Cinygmula par (Eaton) 
Cinygmula kootenae HcDunnough 
Cinygmula sp. 
Rhithrogena hageni (Eaton) 
Also Wasatch Co. 
Eperorus (Iron) longimanus (Eaton) 
Epeorus (Iron) deceptive 
(McDunnough) 
Epeorus (Iron) albertae 
(HcDunnough) 
Family Baetidae 
Baetis bicaudatus Dodds 
Baetis sp. 
Pseudocloeon turbidum HcDunnough 
Family Leptophlebiidae 
Choroterpes a1biannulata 
McDunnough 
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Winget & Devenport 1972 
Winget & Devenport 1972 
Winget & Devenport 1972 
Edmunds 1952 
Edmunds 1952 
Edmunds 1952 
Edmunds 1952 
Winget & Devenport 1972 
Edmunds 1952 
Winget & Devenport 1972 
Edmunds 1952 
Edmunds 1952 
Winget & Devenport 1972 
Edmunds 1952 
Edmunds 1952 
Edmunds 1952 
Winget & Devenport 1972 
Edmunds 1952 
Edmunds 1952 
Table 44. Continued 
Class Insecta (Continued) 
Order Ephemeroptera 
Family Ephemerellidae 
Ephemerella tibialis McDunnough 
Also Wasatch Co. 
Ephemerella coloradensis Dodds 
Ephemerella grandis Eaton 
Ephemerella doddsi Needham 
Ephemerella margarita Needham 
Order P1ecoptera 
Family Nemouridae 
Nemoura ca1ifornica Claassen 
Nemoura coloradensis Banks 
Capnia 1im?ta Frison 
Brachyptera ze10na Ricker 
Brachyptera pacifica (Banks) 
Family Pteronarcidae 
Pteronarce11a badia (Hagen) 
Family Perlodidae 
Arcynopteryx signata (llagen) 
Isogenus e10ngatus Hagen 
Diura knowltoni 
Isoper1a ebria 
Isoperla fulva 
Family Chloroper1idae 
Alloper1a pal1idula 
Alloperla coloradensis 
Family Perlidae 
Acroneuria pacifica 
Order Trichoptera 
Family Rhyacophilidae 
Glossosoma sp. 
Family Hydropsychidae 
Hydropsyche sp. 
Family Limnephi1idae 
Family Brachycentridae 
Brachycentrus sp. 
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Edmunds 1952 
Edmunds 1952 
Edmunds 1952 
Edmunds 1952 
Edmunds 1952 
Winget & Devenport 1972 
Edmunds 1952 
Bauman 1970 
Gaufin, et a1. 1966 
Nebeker 1966 
Gaufin, et a1. 1966 
Gaufin, et a1. 1966 
Winget & Devenport 1972 
Gaufin, et a1. 1966 
Winget & Devenport 1972 
Gaufin, et are 1966 
Gaufin, et a1. 1966 
Winget & Devenport 1972 
Gaufin, et a1. 1966 
Gaufin, et a1. 1966 
Gaufin, et a1. 1966 
Winget & Devenport 1972 
Winget & Devenport 1972 
Winget & Devenport 1972 
Winget & Devenport 1972 
Table 44. (Continued). 
Class Insecta (Continued) 
Order Diptera 
Family Tipulidae 
Holorusia grandis (Bergroth) 
Order Diptera 
Family Chironomidae 
Family Simuliidae 
Family Rbagionidae 
Atherix variegata Walker 
Family Dolichopodidae 
Family Stratiomyidae 
Euparyphus sp. 
Family Muscidae 
Limnophora sp. 
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Winget & Devenport 1972 
Winget & Devenport 1972 
Winget & Devenport 1972 
Winget & Devenport 1972 
Winget & Devenport 1972 
Winget & Devenport 1972 
Winget & Devenport 1972 
Table 45. Bottom fauna inventory. 
to: 1\. Cl DatC' :)dT11ph· LOCdtlOn 
f311j Brush 
( ree1< 
J nO flo belo" Staulfe, Chcm. 1.044 \04.4 l'. r, ,0. I 
PIne Creek 
BelDI.\ Hl~hwa'r 44 
la\...kso[1· ':> 8anLh 
Vb -ll..~ 7 L Above Bentonite treatment 
.:.I.rea - beforf> treatment 
,000 ft. below Bentontte 
.,l.pphcatlon SltE' 
06-29-72 Above Bemontt" treatment 
area-after treatment 
Aoo\,t:- Bentonlt€' treatment 
a rea -after treatmenl 
Below BentonItE' treatment 
Slte-dfter treatment 
I ~ 1. l ~ 1... L G-.l. t, 
')~. I 1;. b bQ. I 
,63 ,0.'> 47.? 10.4 
~~b ,?0.6 4\.8 21.4 
64 27.4 ,0.0 9.4 
,13 0.4 66.4 23.9 
III %.4 ll.? '7.9 
Duchesne 
RIver 
10-07 ·65 S mlles above Defa Sawmill 1,254 209.0 8.0 S.4 
Blue Sprlng 
CreeK 
1/4 mll" below Deia 
Sawmlll 
~ mde5 belo",", Defa 
Sawmill 
o mlle& below Defa 
Sawm,lI 
06-00-6b III mlle above Pangultch 
Lake 
Crear Creek Ob-OS-66 lIZ rn11€' abcw(' Pangultch 
Lake 
Panguttrh 
c.repl\ 
06-0~-bb 112 T"Yltle be low Lake 
outlet 
4.278 1426 1.5 
489 16;.~ 23.9 \.7 
,99 ,99.? 7.0 4.'> 
lbl b 64. '> l. 0 
228 b 49.1 14.0 
60\ '>. l q. l 
2. y 
c.. I 
l. S 
1 "".-\ 
1 ... 1:.·) 
~. n 
"'I 
....: L .. ~ 
Jt),1 
l.l 1~.4 ll." 0.6 
h.O 
0.9 O. t. 
I. 0 S.8 9.9 
O. l 4. 1 80.4 ,.8 
0.9 I. I 96.0 O. S 
,>.7 bOo I 0.6 
\.'> '>.ll 79.1 
O. l 11. I l 9.9 1. 1 
7.0 16.2 !l.b 
i 
u 
1.2 bb.6 'l. S 7.2 8.0 
1/2. tTlllp belOW LakE' outlet 483 2. l lO. q 0.4 2b.l 0.6 11.~ 17.9 
Mammoth 
Creek 06-00-0b 
1/4 mllp below Mammoth 
Spnng Creek Camp,n g 
07 -20-66 li4 m,le below Allen 
Banch-Brown' b Park 
Dtnosaur Nar' 1 Monument 
281 b 14. S b.O 
1. 820 45. S \ 2.6 O. 1 .9. , 
2~1 lL.b ,7.8 O.l 28.1 
Above Red Creek 1.044 104.4 64.8 Il.6 
lOO Y d,. belo,"" Red Creel< bq4 b9.4 18.0 .;.,. 1 
1.9 47. l 
Do!orp:;. 8: lVP[ 1 I -08-bb Abov~ Dewey' Brtdge l.08l U.S s.a 7.2 ? l. 9 \4.2 
Santa Clara 
~ l"er 
Str~wberry 
River 
Belo""'" PlnE' Valley 
'8eserVOtr 
Ob-24-bo End of ""ad 
Renn's Fork 03-07 -67 1000 Ft. below Ph,lbps 
A·l od well 
pxorp<;:;,pn .-te. perL~ntalIe of total n\lmbf'r of Orgdn,sm:;. 
b • data nOl ci'l.d.11aol(' or lo:;.t. 
thb 10 d ':.PPtl· tan\.!. o'LLtfall. 
102 b 62.7 I? 7 1..0 J l. 8 
Gil 103.' h1<.7 0.2 
1.247 b2.4 6b.b 11.1 7.1 Il.l 
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1.4 
L.O 
" ~ 
o 
O. l 
6.8 
0.1 
0.4 
0.7 
O. , 
Table 45. Continued. 
River Date Sample Location 
Price 03-12-68 3.2 miles above Highway 33 142 14.247.9 2.8 46.5 
,.2 miles above Highway 33 80 8.045.0 1.2 43.8 
1/4 mile below Helper 
Sewer Outfall 
At Carbon Ave. above 
Sewer Outfall 
Castle ?ate above Sewer 
Outfall 
210 
1,098 
272 
;~'~f~I~S. below Carbon Ave. 1,398 
03-25-68 1000 Yds. below Castle 
Gate Sewer Outfall 
03-26-68 1000 Yds. below Castle 
Gate Sewer Outfall 
214 
415 
10.5 32.4 1.0 
54.9 1.0 
78.7 0.4 0.4 
69.9 1.4 
21.468.27.5 
41. 5 52.8 6.5 0.2 
1000 Yds. below Price City's 3 980 398.0 
Upper Sewer Outfall ' 1.5 
55.2 
98.1 
16.9 
97.2 
15.0 
17. I 
98.3 
Above Castle Gate Sewer 
Outfall 366 36.6 9.6 0.80.8 20.0 
300 Yds. below Wellington 
Sewer Outfall 69 6.9 
Above Wellington Outfall I, 136 1l3. 6 
Price Upper Sewer 
between bridge s 1,041 104.1 
1.4 
0.2 
1.6 
Willow Creek 03-25-68 Above Castle Gate On 
Highway 33 18 1.8 22.2 38.9 
Big Ilrush 
Creek 
02-28-67 
Ilelow Castle Gate on 
Highway 33 
Above San Francisco 
Chemical Co. Outfall 
100 Yds. below San Francisco 
743 
0.2 100 
46.4 14.9 14.4 0.7 
Chemical Co. Outfall 934 77.8 ZZ.8 10.7 2.2 
02-27-67 100 Ft. E. of Highway 44 
02-28-67 Jackson's Ranch 
1,271 
1,899 
79.4 13. 5 40. 8 3.9 
95. 0 34.9 19.8 2.9 
03-27-67 100 Yd •• below San Francisco 
Chemical Co. 
40 Yds above Jackson's 
Ranch 
06-30-67 Below San Francisco 
Chemical Co. 
100 Ft. below San 
Francisco Chemical Co. 
06-20-67 1000 Ft. below San 
Francisco Chemical under 
Highway 44 bridge 
06-30-67 Jackson Ranch 
1 1- 17 - 67 Above San Francis co 
Chemical Co. 
Below Highway 44 
Jackson's Ranch Bridge 
724 241. 3 26.2 4.3 4.1 
745 248.3 67.2 11.4 8.8 
445 44.5 38.4 0.20.4 
33 3.3 42.4 
49 4.9 55.1 
25 2.5 16.0 
1,047 104.7 34.5 16.3 1.6 
1,732 173.2 19.2 13.3 6.8 
1,676 23.7 29.3 12.3 
94.2 
97.8 
95.2 
ZZ.2 
44.3 
28.6 
B.2 
14.5 
26.5 
8.9 
2.7 
51.5 
12.2 
16.0 
12.5 
9.0 
B.6 
3.5 
03-05 .. 68 Above Stauffer Chemical 
Phosphate Plant (San 2,814 281.4 11.6 5.00.2 74.3 
F ran. Chemical) 
a - expressed as percentage of total number of organisms. 
h - data not available or lost. 
e - this is a septic tank outfall. 
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2.8 
10.0 
5.7 5.7 
0.9 
3.7 
0.6 0.9 
9.4 
23.4 
O. I 0.2 
68.8 
4.4 
2.0 
0.2 3. a 
5.6 
25.7 
35.6 0.1 
33.6 
27.2 
38.4 
8.7 
57.8 0.2 
6. I 
30.6 
64.0 
34.5 
37.5 0.3 
51.8 
31. 2 
8.9 
5.6 5.6 
0.5 0.1 
0.4 
2.0 
4.0 
0.1 
0.1 
1. 3 1. 9 
Table 45. Continued . 
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Big Brush 03 -05-68 100 ft. below Stauffer Chern. 3,044 304.4 27.5 10. I 2.9 18.4 41. I 
Creek Below Highway 44 1,511 lSI. I 32. (, 24.6 2.3 14.0 26.5 
Jackson's Ranch 531 53. I 13.6 69.7 2.3 3.8 10.6 0.2 
Pine Creek 06-12-72 Above Bentonite treatment 163 50.5 47.8 10.4 1.2 18.4 21.5 0.6 
area- before treatment 
1000 it. below Bentonite 486 150.6 43.8 21. 4 1.6 27.2 6.0 
application site 
06-29-72 Above Bentonite treatment 64 27.4 50.0 9.4 (,.2 12.5 21. 9 
area-after treatment 
Above Bentonite treatment 113 27.4 66.4 23.9 0.9 6.2 2.6 
area-after treatment 
Below Bentonite treatlnent 311 96.4 31.5 57.9 1.0 5.8 9.9 
site-after treatment 
Duchesne 10-07 -65 5 miles above Defa Sawmill 1,254 209.0 8.0 5.4 0.3 4. I 80.4 1.8 
River 
1/4 mile below Defa 
Sawmill 4,278 1426 1.5 0.9 1.1 96.0 0.5 
3 miles below Defa 489 163.3 23.9 3.7 5.9 5.7 60. I 0.6 Sawmill 
6 miles below Defa 599 199.7 7.0 4.5 3.5 5.8 79. I Sawmill 
Blue Spring 06-05-66 112 mile above Panguitch 361 b 64.5 3.0 0.3 ILl 19.9 1.1 Creek Lake 
Crear Creek 06-05-66 1/2 mile above Panguitch 
Lake 
228 b 49. I 14.0 7.0 16.2 13.6 
Panguitch 06-05-66 1/2 mile be low Lake 601 5.3 9.3 3.2 66.6 0.5 7.2 8.0 Creek outlet 
1/2 mile below Lake outlet 483 2.3 20.9 0.4 26. I 0.6 11. 8 37.9 
Mammoth 06-05-66 1/4 mile below Mammoth 281 b 34.5 6.0 3.9 47.3 1.4 6.8 Creek Spring Creek Camping 
Green River 07 -20-66 1/4 mile below Allen 1,820 45.5 12.6 o. I 49. I 0.1 Ranch-Brown's Park 
Dinosaur Nat' 1 Monument 251 12.6 57.8 0.2 28. :\ 0.4 
Above Red Creek 1,044 104.4 64.8 ?, 2. (1 
200 Yds. below Red Creek 694 69.4 38.0 59. I 
Dolores River 11-08-66 Above Dewey Bridge 1,082 13.5 5.9 7. Z 51. 9 ,4.2 0.7 
Santa Clara 06-05-67 Below Pine Valley 102 b 62.7 15.7 2.0 5.9 I!. 8 2.0 River Reservoir 
Strawberry 06-24-66 End of road 911 303.7 68.7 0.2 5. , 15.0 9.0 1.0 O. I River 
Henry's Fork 03-07-67 1000 Ft. below Phillips 1,247 62.4 66.6 13.1 7. 1 13.2 
A-I oil well 
a - expressed as percentage of total number of organisms. 
b - data not available or lost. 
e - this is a septic tank outfall. 
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More typical of the Colorado River are the flat slopes and 
wide channels resulting in velocities which are low enough 
to permit sedimentation. The resultant deposits place an 
oxygen demand on the stream, eliminate spawning areas, 
and promote a different group of bottom dwellers. Some 
bottom dwelling organisms, such as sludge worms and 
insect larvae, ingest deposited material, while others 
burrow into the soil exposing it to the flowing water. The 
overriding waters usually contain enough dissolved oxygen 
to maintain aerobic conditions at the surface of the accum-
ulating organic matter. Diffusion of oxygen into the de-
posits is normally too slow to keep the deeper strata from 
becoming anaerobic. Both aerobic and anaerobic bacter-
ial oxidation of benthal deposits produce carbon dioxide. 
If essential nutrients are present in sufficient amounts, 
algae will flourish, utilizing the carbon dioxide in photo-
synthesis. Generally, the stream current and consist-
ency of sediment deposits make it difficult for aquatic 
plants to survive. Duckweed, elodea, and water starwort 
are among the hardier plants which might be found. (State 
of Utah, 1974) 
These tributary studies indicate good water quality and 
high productivity of benthic organisms leading to trout fishery 
at higher elevations. At lower elevations there is a significant 
degradation of water quality, apparently a concentrating effect, 
and a decrease in benthic productivity leading to a warm water 
and in most cases a poorer fishery as can be seen in Table 46 
for Glen Canyon. 
Other area invertebrates. As shown in Figure 41, for 
main stem Colorado River drainage, mining and sewage (in-
cluding food proces sing wastes) problems were defined for the 
Eagle River, the Roaring Fork River, Red Mountain Creek on 
the Uncompahgre River, and the upper reaches of the Dolores 
and San Miguel Rivers. Food wastes and other industrial-
muricipal effluents were observed to have significant effects 
on benthic insects near Delta on the Gunnison and near Grand 
Junction near where the Gunnis on joins the Colorado Main Stem. 
Algal problems due to nutrient enrichment (eutrophication) were 
observed near Grand Junctiono Possibly, irrigation return flow 
and salt effects could be assessed relative to known salt effects 
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Table 46. Aquatic survey of Colorado River insects collected in the Glen 
Canyon area (Woodbury et al., 1959). 
EPHEMEROPTERA ['RICHOPTERA DIPTERA 
oc:x: fJ) ~ Caddice 8 ~res TOTAL 
River 
mile Location 
161,,5 R Trachyte Cr 
146,,4uM Island pond 
below Tica-
boo Creek 
113,,0 L Below Lake 
Canyon 
108,,0 L Gretchen 
Mine 
83 .. 3 L Cottonwood 
Canyon 
75.8 L Music TempI 
63,,3 R Sandbar 
27 d 5 L Warm Creek 
TOTALS per kind 
No" places taken 
May flies 
~~ cd § +' • H P.. • Q) fJ) P.. ,D fJ) r-l (f.l cd Q) fJ) "d 
~ .~ 0 ·ri cd .2 P.. +' ~ fJ) Q) +> ~ ill cd Q) >:. fJ) ,D H H ~ .$ ori 'n Q) 0 +' r-l ~ C) C) ill ~ on ~ ~ cd H H III (.) E-i 8 
1 2 3 
30 
2 6 32 
1 1 1 4 
1 
~ 1 aJX 
5IC 
2 33 9 1 11.3 
2 3 3 1 5 
x = adult~6' 
others nymphs 
4 
1 
160 
8 Q) 
~ ·ri ~ 
zr-l 8 
8~ p... ~ o 0 bO 
fJ) cd CJ 
:::i ~ ~ +' 
cd 
C) 
-ri • H P.. 
+> fJ) 
s:! II ·ri fJ) :::i (f.l r-l 
~ cd ctl "d 
~ ·ri >:. bO H 
0 H 0 
CJ oc:x: (.) 
1 2 
1 1 
1 
1 
1 2 4 
1 2 3 
0 
P.. 
fJ) 
cU 
·rl 
~ 
+> 
0 p... 
45 
5 
50 
2 
* 
t 
s:: flies Q) 
cd 
......--.. r-l 
fJ) cd 
Q) C) 
fJ) fJ) 
cd 
C) • &t '-" P.. 
0 fJ) ill 
Q) P.. s:! 
cd fJ) fJ) iii 
"d :::i P.. S 
ori cd +' fJ) ~ r-l :8 s:! ·n Q) S .r! +> C) ~ "d P.. ·ri -rl Q) 0 H ..c r-I ~ H +' C) § R 0 ctl r-I Q) H ·rl 0 ~ ~ III (/) 0-. 
1* 3 
4 
~3 
1+ 
1 6 1 3 4 
1 1 1 1 1 
larval cases 
pupae 
·ri 
r-I 
'g 
.~ ~ s:: • H s:: 0 2 -ri 0 0 °ri 
·ri +' 
·ri P.. +' cU 
cd >< fJ) cd +' 
r-I Q) +' fJ) 
r-l cU (f.l 
Q) cd 0g H 
or! H H ~ H +' 0 Q) Q) C) H P.. 
Ct-! ill "d fJ) 
Ct-! U) 0 H Q) 
Q) p., H Q) ·rl 
·rl 0 Q) ~ C) -3 ~ s .~ ill 
r£t (.) ~ z (/) 
13 7 
36 4 
6 6 1 104 7 
7 4 
8 4 
27 2 
51 1 
1 1 
6 6 1 247 
1 1 1 
• Slate Creek 
• Crested Bulle 
• Mining 
t:J. Sewage or food waste 
• alj!ae increase 
o clean water or recovery 
• irrij!auon return now 
o industnal waste 
• Dolores 
diversion of River 
Figure 41. Benthic insects indicate specific problem areas in main 
stem Colorado River drainage (data taken from FWPCA, 
1966). 
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on benthic insects at stations near Delta, Paonia, Gateway, and 
Grand Junction. 
Observations of benthic insects in the San Juan River 
drainage (Figure 42) indicate that ITlining activities cause heavy 
ITletals toxicity in the Upper AniITlas River. Sewage disposal 
has effects on McElm.o Creek, the Anim.as near Durango and 
near Bloom.£ield on the San Juan. (See Appendix C for Table of 
benthic organisITls collected from. various sites in the Colorado 
River Basin, their density, diversity, concentration of pollutant 
and resulting im.pact). 
Very few benthic organisITls were detected, apparently 
due to silt bottoITls and shifting stream. beds, in the lower Green 
and Colorado upstream. of Lake Powell and in the Colorado down-
streaITl of Glen Canyon DaITl to the backwaters of Lake Mead. 
This ITlay be sOITlewhat a result of incoITlplete sam.pling and an-
alysis. Algal growths attributed to sewage effluents were ob-
served near Moab on the Colorado River. 
In a study done by Frost et ale (1964) in the vicinity of 
Moab, Utah, 250 bottoITl saITlples (taken with a Peterson dredge) 
were exaITlined. The m.axiITlum. nUITlber of organisms per square 
foot was 29, indicating m.ost of the samples had few if any ben-
thic organisms. Sm.all midge larvae of the family Tendipedidae 
m.ade up most of the collections. Constant shifting and scouring 
of the botto:m sands was the reason given for the scanty develop-
ment of benthic fauna. Bottom samples were taken on gravel 
bars at the mouth of tributary streams and a variety of bottom 
invertebrates in adequate numbers were found. 
Frost et ale (1964) also stated, "It appears that there is 
little or no primary productivity on the part of photosynthetic 
plants growing in the streaITl. The trophic structure is evi-
dently based largely on organic detritus in suspension. t1 In a 
food analysis in the Moab to Dead Hor se Point reach of 37 chan-
nel catfish (Ictalurus punctatus), 9 to 14 inches long, the follow-
ing were found: detritus 48 percent, crayfish 41 percent, night 
crawlers 4 percent, minnows 8 percent, and insects only a 
trace. Again this indicates the absence of benthic organisms 
in this s ector of the Colorado River. 
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Benthic insects define quality problems in the San Juan River drainage (data taken 
from FWPCA, 1966). 
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Figure 43. Elevation map of the Colorado River Basin. 
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A 
Key - note: most areas overlap considerably 
,-----., 
L ___ .J 
higher elevation trout waters (> 5,000 ft) 
transition reaches - trout and other species 
meandering stretches - lower velocities 
canyon areas - higher velocities, silt-laden 
reservoir tailwaters - cold 
reservoir tailwaters - warm 
UN,UOSTATES 
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Figure 44. Generalized habitat types based on expected distribu-
tion of specific fishes in the Colorado River Basin 
(reservoirs not included). 
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Downstream in the Las Vegas Wash and in Las Vegas Bay 
of Lake Mead, taste, odor, and algae problems were observed. 
Morgan stated that sewage return to the Las Vegas Wash was a 
serious problem. It is thought that the Las Vegas leopard frog 
(endangered species) inhabits the area (Personal communication, 
1975). Generally, increased nutrient loads downstream of 
Hoover Dam have resulted in apparent productivity increases 
in the Lake Mohave, Lake Havasu and Imperial and Laguna 
Reservoirs. 
Fish. Although the list of biological characteristics is 
limited in terms of the total biota of the river basin, it was 
felt that fish are usually among the most sensitive organisms 
as well as being target organisms in PL 92-500. Also, fish 
are of interest to most people and data on fish are more exten-
sive in the Colorado River than on any other biological group. 
An elevation map shows (Figure 43) the basin divided into a 
series of elevations: 1) greater than la, 000 feet, 2) 5, 000 to 
10,000 feet, 3) 1,000 to 5,000 feet, 4) 500 to 1,000 feet, and 
5) less than 500 feet. To a great extent these elevations deter-
mine the distributions of fish because of the reltaionship be-
tween elevation and temperature. Although fish species operate 
within a temperature range which in some cases is quite wide, 
temperature is a major variable controlling species distribution. 
Temperatures at the same elevation gradually increase toward 
the southerly latitudes; this may limit consideration of low tem-
perature habitat types in the lower basin. 
Factors other than temperature have a significant effect 
on fish distribution. Silt loads, stream gradient, and food 
chains have major impacts on fish communities and these are 
reflected in the habitat classification (for streams only, Figure 
44). If significant input of natural or man-induced concentra-
tions of materials which affect adult fish directly, their life 
cycles, or their food chains and their habits occurs, then the 
fish will not be found in that particular habitat type. Thus, the 
distributions shown in Figure 44 would be characteristic of the 
stream community for I'natural conditions" if there were no 
loading by man of deleterious materials (exclusive of thermal 
discharges). These distributions are only approximate and 
reflect a rough categorization to delineate problems without 
consideration of rnicrovariations and overlap between habitat 
types. 
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Much of the higher elevation streams are considered trout 
habitat. These result largely from temperature related phenom-
ena but also reflect clear water, good food chain development, 
and usually high gradient streams. 
In the next lower reaches of the river system there is a 
transition between trout waters and mainstream stretches. 
Whitefish characterize this type of water in the Upper Basin. 
Whitefish require high quality water and have relatively strict 
habitat requirements which make them a good index of the ef-
fects of human activities on the river ecosystem. 
This transition zone is followed by meandering stream 
reaches which generally are found in agriculturally developed 
areas, have higher silt loads, and in which are found various 
minnows, catfish, and carp. Carp are an introduced species 
which have become established as an important part of the 
Colorado fish community. 
Canyon reaches have the highest silt load and fish (e. g. , 
humpback sucker) in these reaches (exclusive of piscivores) 
are generally dependent on allochthonous food chains, i. e. , 
food materials which are washed in from tributary streams. 
For example, data on macroinvertebrates are lacking in these 
canyon reaches indicating that insects do not grow well in these 
reaches and that, e. g., insectivorous fish would be dependent 
on insects washed into those reaches of the main stream. In-
dications are that suspended sediments and shifting stream 
sediments are largely responslble for this lack of-main stream 
secondary productivity. 
Stream reaches below reservoirs are affected by a var-
iety of phenomena which result from how water is released by 
the operation of the dam. The releases from upper Basin res-
ervoirs tend to be extremely cold because the released water 
comes froIn lower strata of the reservoir. For example, be-
low FlaITling Gorge Reservoir these releases have resulted in 
a shift to a trout fishery because sediInentation of the silt load 
had occurred in the reservoir and the water was too cold to 
support other types of fish. However, the water has been so 
cold that trout do not reproduce and also, invertebrate popula-
tions, a ITlajor food source, are minimal. Thus, fish growth 
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Table 5.3. Colorado River Basin endangered and threatened 
fishes and their distribution (USDI, 1974). 
Refer-
ences 
1,3 
1,3 
Endangered Fishes 
Common Names /Scientific Names 
Gila Trout 
Arizona Trout Salmo apache 
Distrib .1tion 
Historical Present 
Tributaries of the Headwaters at Gila 
Verde River, head- River proper 
water s upper Gila 
River 
Upper Salt.and Little 
Colorado River s 
(tributaries of White 
and Black Rivers) 
pos sibly upper San 
Francisco River 
Streams in .White Mt., 
tributaries to White c.. lei 
Black and Little 
Colorado Rivers 
4, 5, 7 Hwnpback 
Chub 
Widespread in Green Green and Colorado 
and Colorado Rivers Rivers, Grand Canyon 
and above. Specifically, 
lower Yampa River, 
Bony tail Q!!.!.robusta jordani White River System 
2 (PaQranagat) 
(White River 
Colorado Gila) 
Colorado River Ptychocheilus ~ Widespread in 
4,5,7 SquawFish Colorado and Green 
Rivers and major 
tributarie s from 
1 
2,6 
Me xi co- Wyoming 
Little Colorado Lepidomeda vittata Upper Little 
River Spinedace Colorado River 
Basin 
Moapa Dace 
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Warrn springs and 
outlets (Northel·n 
Clark Co. Nevada) 
near sour ce of 
Moapa River 
De solution, Westwate_ 
Canyons 
White River, confined 
to Pahranagat Valley 
Yampa, upper and 
middle, Green and mair. 
Colorado to Glen Can~r?l 
Dam 
North flowing tributarie 
and upper mainstream 
of the Little Colorado 
River 
Thought to be same as 
historical distribution 
References for Table 53. 
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Fish and Game Commission. 782p. 
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5. Holden, P. B. and C. B. Stalnaker. 1975. Distribution of Fishes in 
the Dolores and Yampa River Systems of the Upper Colorado Basin. 
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7. Behnke, R. 1973. Colorado State University, Department of Zoology, 
Mimeograph Reports. 
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along the Colorado River below Davis Darn. The Mexican duck 
is located in southeastern Arizona south of the Gila River. 
Appendix C contains a list of endangered and threatened 
plant species, by state, within the Colorado River Basin. 
Projections of Biotic Response 
Projected probable impacts of PL 92-500 on the Green 
River study area will most likely be insignificant. Although 
there has been some alteration to the stream channels and 
flow due to darn construction and water diversions, the overall 
natural character of the terrestrial and aquatic ecosystem have 
been es sentially retained. Implementing the 1977, 1983, and 
1985 effluent discharge standards will have little or no affect 
on the biota of the study area. None of the water chemistry 
parameters (DO, BOD, suspended solids, coliforms, pH, 
alkalinity, CO2, etc.) are likely to be a problem through 1985. 
Habitat destruction, such as stream alteration, darn build-
ing, water diversion, proces sing plants, energy development, 
etc., will be affected by PL 92-500. Destruction of aquatic hab-
itat will greatly affect the spawning grounds for fish. Mining 
near some of the higher mountain tributaries could cause habi-
tat destruction and metal toxicity to aquatic organisms. 
Intermittent stream flow is one of the more serious prob-
lems confronting benthic organisms. Darn and diversion con-
struction alter the flow rate which interfere with the stability 
of the aquatic habitat, decreases nutrient flow and shortens the 
food chain. As descri bed by Minckley (Personal communication, 
1975) the increased stability of streams in the Lower Basin will 
allow reintroduction of native big river fish. 
In considering the entire basin it is obvious that the maj or 
water quality problems are from diffuse sources or pre -existing 
sources where owners are not identifiable (Wentz, 1974). The 
association of specific quality problems with larger reaches 
and effects of PL 92 -500 is detailed in a general way in Table 55. 
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